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 There is limited scientific knowledge in the literature that provides producers with 
effective handling tools for moving a non-ambulatory grow-finish pig on-farm that 
accounts for caretaker safety and pig welfare. Two objectives were defined to meet this 
goal: 1) determine durability, caretaker physiology, movement ease, overall time, and 
caretaker preference for sked, deer sled, modified deer sled, and wean-to-finish mat when 
moving 18 grow-finish pig cadavers on-farm, 2) evaluate durability, pig physiology and 
behavior, and overall time for the sked, revised deer sled, and ice fishing sled when 
moving 18 non-ambulatory grow-finish pigs on-farm.  
Observed results from these studies showed that this version of a modified wean-
to-finish mat and modified deer sled is not a suitable handling tool for manually moving 
grow-finish pig cadavers and we suggest that it will also not be suitable for moving non-
ambulatory grow-finish pigs on a commercial farm. However, this version of the sked 
and deer sled are suitable handling tools for manually moving grow-finish pig cadavers 
on a commercial farm. In addition, this version of the sked, revised deer sled and ice 
fishing sled are suitable handling tools for manually moving non-ambulatory grow-finish 
pigs on a commercial farm. In conclusion, this research team supports four handling tools 





CHAPTER 1.    GENERAL INTRODUCTION 
During the grow-finish phase, some pigs’ become non-ambulatory and move from 
the general population to the hospital pen (Ellis et al., 2003; Ritter et al., 2009; Johnson et 
al., 2013). The National Pork Board (NPB) provides swine handling recommendations 
and humane handling tools to move both ambulatory and non-ambulatory pigs through 
their Pork Quality Assurance program (PQA) and Transport Quality Assurance program 
(TQA; NPB, 2016, 2017). Building on these educational programs, the Common Swine 
Industry Audit (CSIA) requires for humane handling under Willful Acts of Abuse or 
Neglect; Movement of non-ambulatory pigs. The CSIA specifically notes, “Dragging of 
conscious animals by any part of their body except in the rare case where a non-
ambulatory animal must be moved for a life threatening situation. Non-ambulatory pigs 
may be moved by using a drag mat.” If an auditor witnesses a concious non-ambulatory 
pig being dragged by any body part, the farm will automatically fail the audit (Johnson et 
al., 2013). There is limited scientific knowledge in the literature that provides producers 
with effective handling tools for moving a non-ambulatory grow-finish pig on-farm that 
accounts for caretaker safety and pig welfare. Therefore, the overall thesis goal was to 
provide on-farm handling tool options complying with the CSIA when moving grow-
finish pig cadavers and non-ambulatory grow-finish pigs. Two objectives were defined to 
meet this goal: 1) determine durability, employee physiology, movement ease, overall 
time, and employee preference for sked, deer sled, modified deer sled, and wean-to-finish 
mat when moving grow-finish pig cadavers on-farm, 2) evaluate durability, pig 
physiology and behavior, and overall time for the sked, revised deer sled, and ice fishing 





Thesis Organization  
This thesis will consist of six chapters. Chapter one is a general introduction to 
providing humane handling tools to move non-ambulatory grow-finish pigs on-farm. 
Chapter two is a literature review on the non-ambulatory pig, the impact of the human 
caretaker and pig interaction, and an overview of the Common Swine Industry Audit. 
Chapter three is a research study title “Is the wean-to-finish mat a useful handling tool to 
move grow-finish pigs cadavers on a commercial farm?” Chapter four is a research study 
titled “Providing on-farm handling tools to move grow-finish pig cadavers on 
commercial farms.” Chapter five is a research study titled “Providing humane on-farm 
handling tools to move non-ambulatory grow-finish pigs on a commercial farm.” Chapter 
six is a general conclusion of the research findings.   
 
Expected Outcomes and Practical Implications 
One research poster has been presented at the American Society of Animal 
Science Midwest Meeting (Akin et al., 2019.). One abstract has been accepted to the 53rd 
Congress of the International Society for Applied Ethology. Two Animal Industry 
Reports have been submitted for publication consideration. One manuscript on the 
modified wean-to-finish mat has been submitted to the Journal of Swine Health and 
Production for publication consideration. One Iowa State University MS thesis will be 
the final outcome of these bodies of work. One factsheet will be submitted to Pork 
Information Gateway. Finally, two additional peer-reviewed manuscripts will be 
submitted to the Journal of Swine Health and Production and Animal Welfare. The 






handling tool options that comply with the Common Swine Industry Audit when moving 





CHAPTER 2.    LITERATURE REVIEW  
Introduction  
 Today’s market-weight pig can range from 124 to 136 kg (275 to 300 lbs.) in the 
United States (U.S.). When a pig becomes non-ambulatory, caretakers need to consider 
how they can move pigs without further compromising welfare. The U.S. pork industry 
provides information on pig behavior and handling tools (PQA, TQA; NPB, 2016, 2017) 
and has further provided what is acceptable when handling a non-ambulatory pig (NBP, 
2017). Q1 in the Common Swine Industry Audit (CSIA) asks, “[w]ere any willful acts of 
abuse or neglect observed during the audit?” Willful acts of abuse or neglect are defined 
as acts outside of normally accepted production practices that intentionally cause pain 
and suffering including, but not limited to: 
1. Intentionally applying prods to sensitive parts of the animal such as the eyes, ears, 
nose, genitals or rectum. 
2. Malicious hitting/beating of an animal. This includes forcefully striking an animal 
with closed fist, foot, handling equipment (e.g. sorting board, rattle paddle, etc.), 
or other hard/solid objects that can cause pain, bruising or injury. 
3. Driving pigs off high ledges, platforms or steps while moving, loading or 
unloading (animals are falling to the ground). 
4. Dragging of conscious animals by any part of their body except in the rare case 
where a non-ambulatory animal must be moved from a life-threatening situation. 
Non-ambulatory pigs may be moved by using a drag mat.  





6. Causing physical damage to the snout or tusks of a boar as a means to reduce 
aggression (this excludes nose ringing and tusk trimming). 
7. Failure to provide food, water and care that results in significant harm or death to 
animals. This includes the intentional failure to provide food, water or care that 
falls outside of normal husbandry practices and would reasonably be considered 
neglect. 
 
This literature review will focus on bullet point four and will cover (1) who is the 
fatigued- and injured pig and their prevalence in the U.S., (2) discuss pig-human 
interaction and handling expectations on-farm and during the marketing process and, (3) 
detail the CSIA as it specifically relates to handling non-ambulatory pigs on-farm.  
 
Non-ambulatory, Non-injured and Non-ambulatory, Injured Pigs 
Non-ambulatory pig definition  
Non-ambulatory pigs can occur during any stage of the marketing process (Ritter 
et al., 2012). Non-ambulatory pigs are defined as a pig that is unable to rise and move or 
keep up with its contemporaries (Anderson et al., 2002; Ritter et al., 2009). Non-
ambulatory pigs can be further divided into two categories; “non-ambulatory, non-injured 
(NANI)”, also referred to as fatigued, that show no obvious signs of injury, trauma or 
disease or “non-ambulatory, injured (NAI)” defined as pigs that have a compromised 
ability to walk because of a structural unsoundness or an injury sustained before- or after 






The NANI pig 
Stress is a process that is caused by multiple internal and external stressors 
(Broom and Johnson, 1993; Martinez-Miro et al., 2016). Stressors can vary in time, 
intensity, mode and novelty (Broom and Johnson, 1993). When stressors exceed the 
coping capacity, welfare is compromised (Moberg and Mench, 2000).  
In 1993, Broom and Johnson proposed an “additive stressor model”. The model 
proposed that when an animal is subjected to multiple stressors (handling intensity, 
stocking densities, electric prod use) over time without a sufficient recovery period. In 
severe cases, pigs will become non-ambulatory (NANI or NAI) or die (Fitzgerald et al., 
2009).  
The marketing process is one example that would elegantly fit into the “additive 
stressor model.” Marketing introduces many novel/unfamilar stressors that can place both 
internal and external stressors on the individual pig in quick succession (Johnson, 2013). 
The marketing process consists of pre-sorting from the pen, movement to the truck and 
up a ramp and then transported (Garcia-Celdran et al., 2012). Transportation has been 
described as being stressful to pigs due to coping with a new environment, restricted 
space and mixing of unfamiliar pigs (Ritter et al., 2012). During the marketing process 
pigs can begin to show a number of stressors, which include open mouth breathing 
(OMB), muscle tremors (MT) and reluctance to move (Benjamin, 2005; Table 2.1). If the 
pig is unable to cope it can become recumbent, present abnormal vocalizations, display a 
reddened skin, have an increased body temperature (normal 38.6– 39.4oC; fatigued 
40.6oC+ [Ritter et al., 2017]), increased heart beats (normal 60 to 100 beats per minute 
(bpm); fatigued 160+ bpm [Correa et al. 2013]) and acute metabolic acidosis (Benjamin, 





Metabolically, fatigued pigs experience acidosis characterized by high blood 
lactate (32.2 vs 11.1 mmol/L), ammonia, sodium, potassium, cortisol, epinephrine and 
norepinephrine concentrations, while also having lower blood pH values (7.11 vs. 7.35), 
bicarbonate, base excess, calcium, partial pressure of carbon dioxide and insulin values 
(Anderson et al., 2002; Ivers et al., 2002). Fatigued pigs will also have an increase in 
oxygen demand. Additionally, fatigued pigs have lower liver glycogen concentrations 
and lower glycolytic potential values in the LM and semitendinosus muscles (Ritter et al., 
2009). Metabolic changes are observed in all pigs that are subjected to handling and 
transportation, but are extreme in NANI pigs (Ellis and Ritter, 2005).  
 
Why is the non-ambulatory pig an issue? 
The industry estimates that approximately 3 to 5 of every 1,000 pigs leaving the 
farm becomes stressed or fatigued prior to slaughter (Benjamin, 2005). Non-ambulatory 
pigs represent significant financial costs, welfare- and possible regulatory concerns.  
 
1. Incidence and financial costs 
While the non-ambulatory pig incidence rate is low (0.44%; Ritter et al., 2009), 
when translated into market pig inventory using 2017 numbers of 121.4 million pigs 
being sent to market in the United States, this affected 534,160 pigs during the marketing 
process (NASS, 2017). Using the 2017 market pig costs ($53.60/CWT) this resulted in a 
loss of $28,630,976. However, this number is understated because it does not account for 
time/money related to specialized handling procedures and personnel time (Hill et al., 






Pigs that become non-ambulatory are not able to walk and risk being stepped on 
by other pigs. The National Pork Board has made improving pig welfare during transport 
and handling along with reducing the incidence of non-ambulatory pigs a top animal 
welfare priority (Johnson et al., 2013). Animal welfare concerns include the potential for 
animals to experience stress, injury, fatigue, mortality and morbidity due to exposure to 
noise, mixing of unfamiliar animals, poor handling, and variable climatic conditions 
(Schwartzkopf-Genswein et al., 2012). According to the World Organization for Animal 
Health (OIE) Terrestrial Code, Section 7 Article 7.1.1 (2017), “[a]nimal welfare means 
how an animal is coping with the conditions in which it lives. An animal is in a good state 
of welfare if it is healthy, comfortable, well nourished, safe, able to express innate 
behavior, and if it is not suffering from unpleaseant states such as pain, fear and distress. 
Good animal welfare requires disease prevention and veterinary treatment, appropriate 
shelter, management, nutrition, humane handling and humane slaughter/killing. Animal 
welfare refers to the state of an animal; the treatment an animal recieves is covered by 
other terms such as animal care, animal husbandry, and humane treatment.” Animal 
quality of life includes both positive and negative experiences and focuses on the balance 
between the two (Mellor, 2016). Welfare challenges may exceed the capacity of routine 
husbandry and clinical management to maintain negative affects at low levels, therefore 
requiring interventions.  
In difficult conditions, animals use varying methods to counteract adverse 







of success and the extent of what is done to cope can be measured. Hence, welfare varies 
on a contiuum from very good to very poor and can be assessed precisely (Broom et al., 
1988).  
 
3. Regulation  
The United States Department of Agriculture (USDA) inspectors and plant 
welfare auditors evaluate how non-ambulatory pigs are handled. Improper handling can 
result in an automatic animal welfare audit failure and/or a USDA non-compliance report 
(Johnson et al., 2013). The Downed Animal Protection Act (H.R. 2519 & S. 1298) allows 
the Secretary of Agriculture to enforce regulations for handling and disposition of non-
ambulatory livestock. The Act prevents the movement of concious, non-ambulatory 
livestock. It also requires non-ambulatory livestock to be humanely euthanized and can 
prohibit non-ambulatory livestock from entering the food chain. The American 
Veterinary Medical Association (AVMA) states that if animals are down, but not in 
extreme distress, they should be treated. Animals in extreme distress (no interest in food 
or water, low quality of life, negative health consequences) should be slaughtered on-
farm or euthanized. Many industry stakeholders have introduced their own policies 
concerning non-ambulatory animals. For example, Burger King, McDonald’s, and 
Wendy’s prohibit U.S. suppliers from using meat from non-ambulatory livestock.  
 
Human Caretaker and the Pig interaction  
Pig perception of the human caretaker  
 Pigs are able to indirectly report their perceptions through behavioral and 





human-interactions and their responses are influenced by their underlying personality 
traits. Personality can be defined as a correlated set of individual behavioral and 
physiological traits that are consistent over time and context (Koolhaas et al., 1999; Réale 
et al., 2007). It can help explain individual differences in dominance rank, coping, 
cognitive abilities and physiology. Koski (2014) indicated that personality can be 
subdivided into an animal showing boldness, aggressiveness, activity, exploration and 
sociability. For example, boldness can be defined as the propensity to take risks, 
especially in novel situations, and as an individual’s response to a risky situation faced 
alone, whereas shyness is defined as an individual’s low likelihood of taking risks and 
have shown an increase in latency to approach novel objects (Frost et al., 2007; 
Finkemeier et al., 2018).  
Animal emotions are central to the concept of animal welfare. Emotionality 
makes the distinction between shy animals that are highly emotionally aroused by a 
challenging situation and bold animals that do not perceive the same situation as alarming 
or stressful (Koolhaas et al., 2016). Emotions are comprised of behavioral, neurophysical, 
cognitive and conscious subjective processes (Mendl and Paul, 2004; Paul et al., 2005). 
Emotions interact with other processes, such as shaping attention, decision-making and 
memory. Emotions tend to influence more than one individual in a group and are readily 
received by other pigs, which can spread throughout groups. For example, an intense 
affective state (positive or negative) in one pig can have behavioral and welfare 
implications for the group (Spinka, 2012).  
The animal is only half of the equation, with the human also influencing the 





A human’s posture, distance from the animal, type of movement (standing still, walking 
around pen, and sitting) and directional approach (in front of or behind) could affect an 
animal’s response (Tanida et al., 1996). Finally, the human-animal interaction involves a 
combination of visual, tactile, olfactory and auditory perceptions that will now be 
discussed in the context of the pig (Seabrook, 1986).  
 
Vision 
The pig’s eyes are placed laterally and have a panoramic view beneficial to detect 
predators (Lomas et al., 1998). This view gives them a visual field of about 310 degrees 
and binocular vision of 35 to 50 degrees (Grandin, 1989). Similar to other animals, pigs 
have a blind spot directly behind them and underneath their head when lifted. Their 
retina, pupil and lens are similar to humans (Klopfer, 1965). The photoreceptive cells, 
rods and cones, are anatomically located in the retina (Walker and Homberger, 1998). 
Pigs have color vision with the presence of rods and cones with two distinct wavelength 
sensitivities in the blue (439 nm) and green (556 nm) frequencies (Neitz and Jacobs, 
1989; Lomas et al., 1998) although photoreceptors in a pig’s eye are not able to detect the 
color red (> 650 nm; Neitz and Jacobs, 1989; Taylor, 2006). A pig’s overall ocular power 
has been calculated as 78 diopters (Coile and O’Keefe, 1988). Tanaka et al. (1998) and 
Zonderland et al. (2008) suggested that pigs have poor powers of visual discrimination. 
Therefore, illumination intensity changes, moving objects, humans, and color contrast 
may result in hesitation and balking during handling (Grandin, 1989). Pigs generally do 
not rely on visual cues when evaluating environmental factors (Lomas et al., 1998). It 






Tanida, 2001), which complements their tactile and olfactory senses during food 
seeking and ingestion (Arave, 1996; Meunier-Salaun and Picard, 1996).  
 
Tactile 
 The sense of touch is usually facilitated by mechano-receptors (a sense organ or 
cell) where tissue distortion results in neurotransmitter release (Simmons and Young, 
1999). These mechano-receptors help with co-ordination of muscle groups during 
movement, posture maintenance and co-ordination of physical interaction with the 
environment (Marchant-Forde, 2010). The pig’s snout has a disproportionate density of 
mechano-receptors and are involved in a number of manipulatory acts including pushing, 
rooting, biting, and carrying (Stolba and Wood-Gush, 1984).  
 
Olfactory 
A pig’s snout is a movable disc at the tip and is the primary organ of touch. The 
snout incorporates the central part of the upper lip and supported by the rostral bone, a 
structure unique to the pig (Dyce et al., 2010). Olfaction assists in the food seeking and 
selection and in social interaction. Pigs are considered to have sophisticated olfactory 
abilities (Pond and Houpt, 1978). Pigs have nine glands that are involved in odor 
production (digital, preputial, vulvar, anal, mental, salivary, buccal, pre-orbital and 
Harderian glands; Pond and Houpt, 1978; Watson, 2004) and have one of the largest 
olfactory receptor repertoires with 1,113 functional olfactory receptor genes and 188 
pseudogenes (Nguyen et al., 2012; Paudel et al., 2015). Olfactory cells in the nasal 
epithelium convert the odor molecules into electrical signals, which are then transmitted 





2010). The vomeronasal organ, located in the upper air passages, contains receptors that 
access the central nervous system through the accessory olfactory bulb. Olfactory can be 
argued to be one of the most widely relied on sense by the pig for example it is used by 
piglets to identify their mother and teat position, for finding food and for individual 
recognition (Curtis et al., 2001).  
 
Auditory 
 The pig’s ears are oval shaped with a wide base attached to the caudal part of the 
head. The mammalian ear has a dual function, first the ear can sense body position 
changes (equilibrium) and second, it is involved in detecting sound (Walker and 
Homberger, 1998). The ear has three parts: inner-, middle-, and external ear. The inner 
ear has semicircular ducts, utriculus and sacculus, (collectively known as the vestibular 
apparatus), which is responsible for maintaining body balance (Solntseva, 2002). The 
external and middle ears gather and amplify airborne sound waves to generate pressure 
waves in the cochlear liquid. Movements of the head displace hair-like, cytoplasmic 
processes of the receptor cells and allows the pig to detect body position changes and 
movement (Walker and Homberger, 1998).  
A pig’s hearing has a sound detection range from 42 Hz to 40.5 kHz with optimal 
sensitivity ranging between 250 Hz to 16 kHz. (Heffner and Heffner, 1990). This is 
slightly elevated compared to humans. Sound localization occurs by the pig moving its 
head. Pigs can habituate to specific, loud, unfamiliar mechanical sounds, but they will 
avoid and have a longer habituation to intermittent sounds that increase in volume 





Pigs vocally communicate using a range of different sounds. The pig vocal 
spectrum has yet to be fully mapped, but Kiley (1972) distinguished 15 different 
vocalizations of adult pigs. Examples of vocalization often related to fear, isolation, pain, 
greeting, anticipation, and frustration (Wood-Gush, 1983). These vocalizations are 
categorized by call types such as bark, grunt, squeal and scream (Xin et al., 1989). For 
example, piglets “scream” in painful situations (Marx et al., 2003), “bark” when surprised 
(Chan et al., 2011) or when they play (Newberry et al., 1988), “croak” during naso-nasal 
contacts with mother (Illman et al., 2001), and “grunt” when briefly isolated (Fraser, 
1974). The wide call variability can carry information about the sender’s identity, his/her 
location, body size, condition, motivation and emotion (Jensen, 2009).  
 
Pig Caretaker handler quality traits  
Caretakers are responsible for day-to-day animal welfare enabling them to be a 
great asset or liability with respect to managing animal health and well-being. The inter-
individual relationship between a human and animal is the product of the quality and 
frequency of interactions as well as the context in which they occur (Hemsworth and 
Coleman, 1998). The HAR interaction quality can range from frequent, calm and friendly 
to infrequent and negative (Hemsworth and Coleman, 1998; Waiblinger et al., 2002).  
Human contact on farm can be divided into five categories: (a) visual presence 
(stationary), (b) moving between the animals without tactile contact, which could use 
vocal interactions, (c) physical contact, (d) feeding, and (e) invasive, aversive handling 
(Waiblinger et al., 2006). Pig handling studies have reported that negative tactile 





produce high levels of fear towards the humans. Conversely, brief positive handling that 
involves talking, pats or strokes whenever pigs approached resulted in lower fear levels.  
Research on commercial pig farms have shown significant sequential 
relationships between caretakers’ attitudes and behavior towards pigs and the fear of 
humans and productivity (Hemsworth et al., 1989; Coleman et al., 1998). Personality, 
attitudes, and beliefs are psychological concepts that can affect a person’s behavior 
(Johnson et al., 2013). The strongest predictors of a person’s behavior were found to be 
beliefs and attitude (Hemsworth et al., 1994; Coleman et al., 1998). Beliefs are 
assumptions that appear to be true, while attitudes are learned, object related and can be 
changed by new information or experiences (Ajzen, 1988). Seabrook (1995) found that a 
person who had empathetic interactions with pigs including pleasant handling, vocal 
contact and regular interactions scored as being confident, relaxed and self-sufficient 
individual. They also raised calmer, more productive pigs. The behavioral attitude can be 
impacted by personality, intelligence, education, culture, age, gender and caretaker 
knowledge (Johnson et al., 2013). If the swine industry makes it a goal on working 
toward increasing the knowledge base of their caretakers, the caretakers’ beliefs and 
attitudes could be changed and end-point behavior could be impacted. Examples of 
comprehensive research that has been conducted on the effects of HAR on pig behavior, 
physiology and productivity is detailed in Table 2.3. 
 
Flight Zone, Point of Balance, and Blind Spot 
 Caretakers understanding the concepts of flight zone, blind spot and point of 
balance will move pigs more easily (Grandin, 2017). The flight zone is the area around a 





is to maintain a safe distance between the person and themselves. The distance between 
the pig and caretaker can vary depending on the caretaker’s behavior and body language 
and the tameness of the pig (Grandin, 2007). If a caretaker penetrates the flight zone too 
deeply, a pig will either run away or turn back and run past the caretaker (Grandin, 1989). 
Caretakers need to be aware of the pig’s behavior to know when to release and apply 
flight zone pressure (FZP). Retreating from their flight zone will terminate their escape 
behavior rewarding the pig for doing what the caretaker desired (Grandin, 1987). When 
the pig stops, FZP should be applied again with caretakers working on the edge of the 
flight zone to keep the pig calm during movement (Grandin and AMI, 2013).  
The blind spot is located directly behind the pig (Grandin, 2017). A common 
mistake caretaker’s make when moving pigs is applying too much FZP in the pig’s blind 
spot creating confusion resulting in head turning to enable caretaker location rather than 
moving in the desired direction. A caretaker should approach from an angle about 45-60 
degrees behind the pig to move the pig forward. Understanding this concept will reduce 
stress and prevent accidents and potential injury to caretakers and pigs.  
The point of balance determines which direction a pig will move from the 
caretaker (Grandin, 1989, 2002). The point of balance is located at the pig’s shoulder. 
Pigs will move forward if the caretakers stand behind their point of balance and back up 
if the caretakers stand in front of their point of balance (Grandin and AMI, 2013). Figure 







U.S. swine industry guidance on humane handling of grow-finish pigs  
Once a pig becomes non-ambulatory, caretakers must move the pig to a low 
stress, less competitive pen to recover. The American Meat Institute (AMI) Foundation 
Animal Care and Handling Guidelines & Audit Guide (2013) states that “Non-
ambulatory pigs are held in a designated location for additional ante-mortem inspection 
by the USDA” (Grandin and AMI, 2013). Upon inspection, these pigs may pass or be 
condemned or segregated and slaughtered as a U.S. Suspect (9CFR309.2). In Chapter 2: 
Section 6, the following recommendations or statements are made, “To off-load a non-
ambulatory pig from a truck, a slide board or cripple cart may help. A pig may also be 
rolled onto a wide piece of conveyor belting with one end stiffened with metal bars to 
prevent curling when the pig is being moved. If a pig goes down in the stockyards, crowd 
pen or stunning chute caretakers can use slide boards, sleds, and cripple carts to 
humanely move pigs to a pen or another area where they can be examined.”  
The Livestock Marketing Association (2014) released a “Guide to Animal 
Handling: Employee Training for Livestock Auction Markets”. The guide provides four 
appropriate movement methods for non-ambulatory livestock: (a) use a protective sling 
and then roll livestock into a loader bucket (dependent on animal size), (b) special lifting 
harness, (c) pallet reconstructed to form a ramp, which must also be equipped with straps 
to prevent livestock from falling off and (d) a sled.  
The USDA Livestock Conservation Institute (LCI) also provides information on 
proper handling techniques for non-ambulatory pigs. The LCI booklet (1992) 
recommends moving non-ambulatory pigs using a modified two-wheeled handcart that 





Farm tractors, livestock carts and farm equipment are also recommended to move 
non-ambulatory livestock although present a biosecurity risk on a pig farm. The degree of 
risk depends on how recently the moving equipment had direct or indirect contact with 
pigs. Therefore, clearing protocols related to handling equipment on farm is a critical 
consideration. A large loader and/or forklift is often not practical on farm due to its size 
in relation to door and alley space envelopes.  
In addition, the National Pork Board has two resources that provide guidance to 
the caretaker on how to interact with a healthy pig and a non-ambulatory grow-finish pig. 
These resources include Pork Quality Assurance (PQA) Plus and Transport Quality 
Assurance (TQA; Figure 2.2 and Table 2.4).  
 The PQA Plus and TQA programs provide guidelines on how to humanely move 
non-ambulatory pig both on-farm and at packing plants. The PQA Plus (2016) states that 
caretakers must never drag conscious animals by any body part. Non-ambulatory pigs 
may be moved by using a drag mat or plastic sled. The TQA (2017) states that equipment 
should be appropriate for size, age and condition of pig. Tools listed requires a second 
caretaker for safety: 1) Stretchers: gently roll pig onto it. Caretakers should hold/push at 
flank and under forelegs to prevent dislocation and bruising. 2) Sleds: tip sled onto side 
and roll pig into sled. Pig will more likely allow itself to be pulled in sled if it is laying on 
its side rather than stomach. 3) Hand Carts: cart can be modified with enlarged platform 
and back board. The platform is slid under pig or pig is rolled onto the platform. Cart is 
then tilted back to move the pig. A second caretaker should assist in loading and 
steadying pig on platform. 4) Mechanized Equipment: if skid-loader is used, pig should 





attachment on bucket to prevent pig from jumping or falling out. Pigs must be off-loaded 
by gently rolling or lifting out of bucket 
 
Common Swine Industry Audit 
The Common Swine Industry Audit (CSIA) was released in 2014 by the NPB and 
was certified by the Professional Animal Auditor Certification Organization (PAACO). 
The third-party audit tool builds on the existing PQA Plus (Version 3) program. Audits 
serve as an objective snapshot in time and have no educational component (Webb, 2015). 
The CSIA was designed to meet company and customer needs, set criteria that measures 
and improves animal welfare, provides clarity to producers about audit standards and 
expectations, minimizes duplication, and is an objective, science-based platform to 
facilitate continuous improvement in animal care (NPB, 2019).  
Farm sites receive audit points related to on-farm records, standard management 
practices that are used to guide caretaker training and work expectations, and facility 
conditions that impacts animal and caretaker health and welfare. Depending on the farm 
site’s animal welfare goals and the clientele base, packers determine a passing score 
(NPB, 2019). If a farm site fails an audit, the packers are responsible for reviewing the 
audit results and taking corrective actions to determine whether the supplier has 
adequately resolved the issue or if the farm site requires a re-audit (Webb, 2015). Results 
from the audit can help swine producers identify and address areas of improvement and 
track their pig performance (e.g., average daily gain, feed efficiency, farrowing rates and 
mortality rates) over time, relative to industry norms.  
The CSIA addresses 27 key aspects of pig husbandry and pre-harvest food safety 





transportation (NPB, 2019). The four main areas reviewed during CSIA are records, 
animals, facilities, and caretakers. The audit was updated in 2019 and covers 94 
questions. The questions are divided into (a) critical (b) animal welfare and (c) pork 
safety criteria.  
Under Animal Welfare: CRITICAL section there are five audit questions that are 
considered critical and do not have point values. Possible points are marked either by 
pass or by fail. If any of these criteria are found unacceptable, the farm site will 
automatically fail the audit (NPB, 2019). The five critical questions are as follows (NPB, 
2019):  
1. Were any willful acts of abuse or neglect observed during the audit? 
2. Are animals euthanized in a timely manner? 
3. If euthanasia is observed, are animals handled humanely during the process? 
4. If euthanasia is observed, are animals euthanized in place or is suitable 
equipment available to move non-ambulatory animals so they can be 
humanely euthanized? 
5. If euthanasia is observed, do caretakers confirm insensibility and death after 
the euthanasia method is applied and before being removed from the facility? 
 
Animal Welfare: Animal/Benchmarking is the next section in the audit. It consists 
of questions six through 35 with four columns of acceptable answer (yes/no), possible 
points (5 or 10), points achieved and comments. Questions six through eight examine 
whether the caretakers are using the equipment to handle pigs appropriately. The three 





6. Are animals handled appropriately for their age? 
7. Is proper handling equipment available and in good working order with no 
sharp edges? 
8. Can animal caretakers articulate or demonstrate appropriate equipment use 
during animal handling? 
If pig handling activities are occurring during the audit, they must be observed. If no 
handling activities are occurring, caretakers will be asked to perform or articulate pig 
handling procedures.  
Lastly, the audit summary (Table 2.5) displays the total possible points, the points 
achieved and the percentage score. Animal Benchmarking makes up 50% of the audit. 
The rest of the audit not discussed inspects caretakers, facilities, records, transport, and 
food safety.  
Of particular importance are critical criteria, willful acts of abuse (Q1) and 
humane euthanasia (Q2-5), which result in an automatic audit failure if observed. Under 
willful acts of abuse and neglect, movement of non-ambulatory pigs is specifically 
identified as; “Dragging of conscious animals by any part of their body except in the rare 
case where a non-ambulatory animal must be moved for a life-threatening situation. 
Non-ambulatory pigs may be moved by using a drag mat.” This audit point has provoked 
discussion among swine extension agents, producers and veterinarians: “Would an 
auditor and the producer agree?” “Do drag mats work?” To provide some context to the 
last question, a veterinarian and group leader for the Well-being Team for a pork 
producer in Midwest Iowa has conducted some preliminary investigations on moving 






 “We tested a regular rubber farrowing mat, which we use on sites for wean pigs, and 
drilled circular holes into the mat and re-enforced them with plastic fittings. We rolled a 
pig cadaver on the mat, cinched the mat around the pig cadaver with a ratchet strap and 
then used rope within the re-enforced plastic holes to try and drag it (we were trying to 
come up with a low cost, practical, easy to store & clean, solution, that could be 
available on all 600+ sites within our system). We found that despite re-enforcing the 
holes in the mat, the mat tore. It was also hard to get the mat moving due to the amount 
of friction. After the mat was used to drag the pig cadaver 1x down the center alley of the 
barn, the bottom was all frayed and we concluded that this option was not durable. So, in 
summary, it was too hard to move and was not durable enough.” 
 
One can assume that the challenges posed by drag mats increase when applied to live 
non-ambulatory pigs. These findings suggest there is scope to identify best practices for 
design and use of handling tools that consider practical logistics worker safety and non-
ambulatory pig welfare. 
 
Conclusions 
Non-ambulatory pigs present animal welfare, legal, and economic challenges to 
the U.S. swine industry. These pig losses are not a new issue, but it is gaining attention 
because of the heightened concerns over pig welfare on-farm and during the marketing 
process. While the non-ambulatory pig incidence rate is low (0.44%; Ritter et al., 2009), 
when translated into market pig inventory using 2017 numbers of 121.4 million pigs 





process (NASS, 2017). Using the 2017 market pig costs ($53.60/CWT) this resulted in a 
loss of $28,630,976. The CSIA program does note, “Non-ambulatory animals may be 
moved by a drag mat”, but preliminary rubber drag mat investigations have been 
unsatisfactory and not a practical option. Therefore, producers desperately need evidence-
based best practices for handling tool options that can be applied on-farm and consider 
both pig welfare and caretaker safety.  
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Tables and Figures 
Table 2. 1. Fatigue pig stressors displayed at loading  
Study Treatment OMB SD MT NA rate  
Ritter et al. 
2007 
SHORT (S) loading distance (0 to 30.5 m 
from the exit of the building). 
LONG (L) loading distance (61 to 91.4 m 
from the exit of the building).  










Berry et al. 
2009 
Small group size (SG; n = 4) 

















Table 2. 1. (continued) 
Study Treatment OMB SD MT NA rate  
Johnson et al. 
2010 
Traditional facility system design 
(TFSD). Total of 32 mixed-sex 
pigs/pen. Pigs were not presorted the 
day before market.  
New facility system design (NFSD). 
Total of 192 mixed-sex pigs/pen. Pigs 











Gesing et al. 
2010 
Large NON pens had 292 mixed-sexed 
pigs/pen. Pigs were sorted immediately 
before loading.  
Large PRE pens had 292 mixed-sexed 

















Table. 2. 1. (continued) 
Study Treatment OMB SD MT NA rate  
Gesing et al. 
2011 
Small Group Size (SG; n = 18 
pens/room) had back swing gates closed 
to create separate small pen of 36 
pigs/group.  
Large Group Size (LG; n = 2 
pens/room) had opened back swing 










OMB = Open-mouth breathing 
SD = Skin discoloration 
MT = Muscle tremors 
ND = Not determined by statistical analyses because of the low incidence 





Table 2. 2. Incidence of non-ambulatory-non-injured and non-ambulatory-injured 
market-weight pigs in the United States  
Study  Incidence Industry Cost 
Ritter et al., 2009 In 18 of 23 field studies 
non-ambulatory pigs were 
classified as NANI or NAI 
at U.S packing plants. The 
weighted averages (n= 
4,966,416 pigs) were 
0.37% fatigued, so 
approximately 18,376 pigs 
were classified NANI.  
Using 2006 numbers, total 
number of non-ambulatory 
losses were 456,228 pigs. 
Using direct and indirect 
financial losses, non-
ambulatory pigs cost the 
U.S. pork industry 
approximately $14,008,481.  
Yoder et al., 2017 An industry survey 
involving 310 million pigs 
within 20 U.S. Pork 
packing plants (2012-2015) 
were conducted to 
determine economic impact 
of dead and non-
ambulatory pigs. The four 
year weighted average of 
total non-ambulatory losses 
was 0.63%.  
The annual cost to the 
industry for non-
ambulatory pigs (2012-
2015) was $37,489,805.93 





Table 2. 3. Handling treatment effects on the market-weight pig 
Study Handling Treatment Effect on pigs  
Gonyou et al. 
1986 
TRT 1: Positive: defined, as the 
researcher was in a squatted 
position and allowed pigs to make 
contact. If contact occurred, the 
researcher would attempt to 
scratch the pig. 
TRT 2: Negative: defined, as the 
researcher remained upright, 
approached the pig and reached 
towards pig’s head with gloved 
hands. 
TRT 3: Minimal: defined, as the 
researcher entered the pen only to 
clean and there was no HAR.  
TRT 4: Aversive: defined, as the 
researcher would shock the pig 
with an electric prod if they failed 
to avoid the researcher. 
64 young gilts in groups of 4 were 
divided into four handling TRTs. 
TRT 4 showed less approach 
behavior to the researcher and 
fewer interactions (P<0.05).  
TRT 1 and 3 had overall greater 
weight gain than TRT 2 and 4 
(P<0.01). 
Gain was correlated with time to 
approach within 0.5 m of the 
researcher (P<0.01), so pigs that 
approached or interacted with 
the researcher quickly also 






Table 2. 3. (continued) 
Study Handling Treatment Effect on pigs  
Hemsworth and 
Barnett. 1991 
TRT 1: Pleasant: defined as 
researcher individually handling 
pigs’ in a pleasant manner with 
gentle stroking. 
TRT 2: Unpleasant Individual: 
defined as researcher 
individually handling a pig by a 
brief shock or brief slap 
whenever the pig failed to 
withdraw from researcher. 
TRT 3: Unpleasant Group: 
defined same as above for TRT 
2, but done at a group level so all 
pigs were interacted with 
negatively. 
60 gilts from 20 litters randomly 
split into one of three handling 
TRTs.  
TRT 2 and 3 gilts had poorer 
growth rates and feed 
conversion efficiency in first 5 
weeks of treatments than TRT 1 
(P<0.01). 
TRT 1 gilts were quicker to 
interact with the researcher and 
spent more time within 0.5 m of 








Table 2. 3. (continued)  
Study Handling Treatment Effect on pigs  
Hamilton et al. 
2004  
TRT 1: Low-intensity: defined as 
pigs moved by a researcher at 
their own pace through a handling 
course and the researcher used a 
sorting panel and paddle. 
TRT 2: High-intensity: defined as 
pigs moved by a researcher 
rapidly through a handling course 
and were subjected to 16 single 
shocks, 2 shocks/lap. 
80 pigs (equal number of barrows 
and gilts). Pigs moved through a 
course (12.2 m long x 0.91 m 
wide) for 8 laps.  
After handling, TRT 2 had 
greater lactate and partial 
pressure of oxygen (PO2) with 
lower pH (P<0.001) compared 
to other treatments. 
TRT 2 had higher post handling 
rectal temperature than TRT 1 










Table 2. 4. U.S. swine industry program guidelines on handling tools to be used when moving pigs on-farm 
Guidelines 
Handling tool PQA TQA 
Sorting board Should be used when moving a large pig. Used for 
sorting and moving pigs during load-out. 
Provides a physical and visual barrier 
Plastic Rattle 
Paddle 
Effective for moving weaned piglets. Not to be used when moving boar back to pen after estrus detection. 
When moving finisher pigs, it can be used to gently tap pig to encourage forward movement.  
Nylon Flag Used as a visual stimulus. Used as visual stimulus in larger pigs.  
Matador’s cape Used as a visual barrier. 
Electric prod Not used as a primary tool. Never prod pig in a 
sensitive area (eyes, ears, nose, genitals or rectum). 
Apply prod to back of pig behind shoulder. Duration 
of shock should last no longer than one second and 
given five seconds between shocks. Prods should not 
be used more than twice on pigs that refuse to move. 
Tap pig with prod without using shock. Never use 
prod in pen when moving pigs toward an alleyway. 
Never shock pig in a sensitive area. Apply prod 
behind pig’s shoulder. Duration of shock shouldn’t 
exceed one second. Count to five before additional 





Table 2. 5. Common Swine Industry Audit Tool Audit Summarya  
Audit Summary 
CRITICAL: Questions marked “Fail”  






Animal Benchmarking Section 245   
Caretaker Section 40   
Facilities Section 50   
Records Section 34   
Transport/Load-out Section 75   
ANIMAL WELFARE TOTAL 444   
PORK SAFETY TOTAL 46   
TOTAL AUDIT SCORE 
(sum of Animal Welfare and Pork Safety) 
490   






Figure 2. 1. A pig’s flight zone, point of balance, and blind spota 
aWith permission from Dr. Temple Grandin: T, Grandin and American Meat Institute 
(AMI). 2013 Recommended Animal Handling Guidelines & Audit Guide: A Systematic 









Figure 2. 2. Images for recommended handling tools to move pigs from the PQA and TQA programsa 
aWith permission from the National Pork Board: National Pork Board (NPB). Pork Checkoff. 2017. Transport Quality Assurance 
(TQA) Handbook. Version 6. p 1-73.  
Handling Toola 












CHAPTER 3.    IS THE MODIFIED WEAN-TO-FINISH MAT A 
USEFUL HANDLING TOOL TO MOVE GROW-FINISH PIG 
CADAVERS ON A COMMERCIAL FARM? 
Ella E. Akin B.S; Anna K. Johnson, PhD; Jason W. Ross, PhD; Suzanne T. Millman, 
PhD; Cassandra D. Jass, DVM; John P. Stinn, PhD; Kenneth J. Stalder, PhD 
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STM: Iowa State University, College of Veterinary Medicine, Department of Veterinary 
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 Summary  
 Through the National Pork Board, the U.S. pork industry provides 
recommendations on humane handling tools and acceptable non-ambulatory pig 
handling.1-2 While these recommendations are useful, there is a lack of published 
evidence regarding humane handling tool options for moving non-ambulatory pigs. 
Wean-to-finish mats are commonly used on-farm to provide comfortable resting areas for 





was to test a commercial wean-to-finish mat as a humane handling tool for non-
ambulatory grow-finish pigs. On-farm testing was accomplished using pig cadavers (135, 
118, 68 kg) to evaluate mat effectiveness based on employee effort and opinion. Our 
results do not support wean-to-finish mats as effective handling tools for moving non-
ambulatory grow-finish pigs. 
 
Keywords: caretakers, grow-finish pig, handling tools, non-ambulatory pigs, animal 
welfare 
 
 The National Pork Board (NPB) provides guidance about humane swine handling 
through the Pork Quality Assurance Plus (PQA) and Transport Quality Assurance 
programs.1-2 Building on these educational programs, the Common Swine Industry Audit 
(CSIA) was designed as an assurance program to meet company and customer needs3, 
and includes requirements for humane swine handling. Willful acts of abuse and neglect 
are strictly prohibited critical elements of the CSIA, that can result in automatic audit 
failure as described “[d]ragging of conscious animals by any part of their body except in 
the rare case where a non-ambulatory animal must be moved for a life threatening 
situation. Non-ambulatory pigs may be moved by using a drag mat.3” Despite this 
requirement, there is a lack of published evidence to guide producers about humane 
handling options for non-ambulatory pigs, including design of drag mats.  
Non-ambulatory pigs can occur on-farm due to injury, illness or fatigue during day-to-
day operations and during loading and unloading from transport trailers. Hence, 





load out areas. To ensure pig and employee safety, it is important facilities have wide 
enough alleys and pen openings, appropriate and durable handling equipment, and 
correctly trained employees.4 Wean-to-finish mats are commonly used on-farm to 
provide comfortable resting areas for newly weaned pigs, around feeders to minimize 
waste, and for lame pigs.5-7 The objective of this project was to test a commercial wean-
to-finish mat as a humane handling tool for non-ambulatory grow-finish pigs. 
 
Materials and Methods 
 All research was approved by Iowa State University Institutional Review Board 
for Humans Subject Research (Approval #18-003). Due to ethical considerations, on-
farm testing was accomplished using pig cadavers; Institutional Animal Care and Use 
Committee approval was not needed. 
 
Wean-to-finish mat and modifications  
 Four wean-to-finish mats were purchased from Hog Slat (SKU: 544187F, 
Humboldt, IA, USA). The mats weighed 23.1 kg, measured 1.8 m length x 1.2 m width x 
1.3 cm depth, and were made of Nyracord rubber (Figure 3.1a). Modifications were 
performed to reduce mat width, improve stability and to affix handles to create a 
modified wean-to-finish mat. These modifications took approximately 45 min to 
complete for each mat. Modifications consisted of cutting a mat down its length to 
produce two separate drag mats. To add stability to each wean-to-finish mat, two PVC 
trim boards (55.9 cm length x 8.9 cm width x 2.5 cm height) were centered and attached 
12.7 cm from the top of the mat on the upper and lower surfaces. The PVC trim boards 





(1.3 cm-13 thread size) and four exterior wood screws (8 x 5.1 cm) were drilled into the 
PVC trim boards. To affix handles two holes were drilled into the PVC trim boards and a 
2.7 m polypropylene rope was inserted and knotted on the upper surface. The final 
modified wean-to-finish mat (MAT) dimensions were 1.8 m length x 60.9 cm width 
(Figures 3.1b and 3.1c).   
 
Animals, facilities and cadaver tasks 
 The study was conducted on a commercial grow-finish site in Central Iowa (Table 
3.1). Three commercial crossbred pigs were selected from the hospital pen by the 
company veterinarian (author CDJ) and euthanized according to company protocols, 
which were consistent with industry guidelines.8 Prior to euthanasia, body weights were 
collected using a weigh scale (Raytec WayPig 300; AGRIsales Inc., Ceresco, NE) and 
rounded up to whole numbers; cadavers weighed 68 kg, 118 kg and 135 kg.  
 For the cadaver tasks, two empty pens were designated as the start (home pen) 
and end (hospital pen), corresponding to distance that a non-ambulatory pig would need 
to be humanely moved on a typical commercial farm. The pens were fully slatted (slat 
width 12.7 cm × slot width 2.5 cm). The distance between the home pen and hospital pen 
was 57.9 m, and was comprised of partially slatted and concrete center (115.8 m × 30.3 
cm) alley. Each cadaver was positioned inside the home pen, 2.8 m from the alleyway 
gate, 2.3 m in from the right pen divider and oriented with the head towards the alleyway. 
 At the start of each cadaver task, the employee was asked to roll the cadaver onto 
the MAT and move it from home pen to hospital pen. For all employees, the cadaver 






 One female and five males were enrolled in the study by the company 
veterinarian. They ranged in age from 23 – 30 years old, weight 160.2 – 195.6 cm, height 
64.5 – 133.8 kg and on-farm experience of 1 – 30 years. The six English-speaking 
employees were comprised members of the production well-being team, the engineering 
team and the farm manager. On the day of the study, each employee was asked to 
complete a demographics questionnaire in the farm office before completing the cadaver 
tasks using the MAT.  
 
Duration of cadaver tasks and peak exertion force 
 Time to complete cadaver tasks was measured at three time points (s): 1) Duration 
to roll cadaver from home pen floor onto the MAT. 2) Duration to move MAT and 
cadaver from home pen into alleyway, defined as the MAT being entirely inside the alley 
and oriented towards the hospital pen. 3) Duration to move MAT and cadaver along the 
alleyway and into the hospital pen, defined as MAT being entirely inside the hospital pen. 
 A FGV-HXY High Capacity Digital Force Gauge (Nidec-SHIMPO America 
Corporation, Itasca, IL, USA) was attached to the MAT handle to record peak force (N) 
applied by the employee while moving the cadaver. Each employee held his or her arms 
with the force gauge positioned at waist height and pulled for five continuous seconds. 
Cadaver tasks were performed in two locations (1) in the alleyway immediately outside 







Employee physiologic measures 
 One researcher collected each employee’s physiologic measures at two different 
time points: (1) baseline resting levels in the home pen and (2) post exertion levels 
collected immediately after moving each cadaver. A pulse oximeter (Pulse Oximeter 
50DL; Clinical Guard, Atlanta, GA, USA) was placed onto the employee’s index finger 
to collect heart rate (bpm) and oxygen saturation (%). Consistent with other studies9,10, a 
minimum 5-min resting period was enforced between each cadaver task to allow 
physiologic measures to return to baseline levels.  
 
Employee MAT tool evaluation and durability  
 During each resting period, employees were asked to evaluate the MAT using the 
survey identified in Table 3.2. The MAT was moved three times per employee resulting 
in the MAT tool evaluation being completed 18 times. Comments were also solicited for 
each question to collect qualitative data. 
 Durability of the MAT was evaluated by one of the researchers (author EEA) for 
presence of holes, rips and creases at the conclusion of each cadaver task. If observed, 
these were counted, measured (cm) and photographed. 
 
Statistical Analysis 
 The handling tool survey was evaluated by simple means and standard deviation 
of six employees. Whereas, handling tool durability was evaluated by counting and 
measuring holes, rips and creases after movement from home pen to hospital pen. Two 





Change in employee heart rate (bpm) = hospital pen heart rate – baseline resting heart 
rate  
 
Change in employee oxygen saturation (%) = hospital pen post exertion oxygen 
saturation – baseline resting oxygen saturation 
 
 The distribution of the peak exertion force, duration, change in employee heart 
rate- and oxygen saturation data were evaluated using the PROC UNIVARIATE 
procedure (SAS v 9.2, SAS Inst., Inc., Cary, NC). Data met the assumption of normality 
and were analyzed using a mixed model method (PROC MIXED) for parametric data. 
Employee was the experimental unit. The statistical design was a complete randomized 
design with the statistical model including the fixed effect of employee (n = 6) and 
cadaver (n = 3). A P ≤ .05 was considered significant and PDIFF option was used to 
separate means when fixed effects were significant sources of variation.  
 
Results and Discussion  
Duration of cadaver tasks and peak exertion force 
 Time to move the cadaver onto the MAT did not differ between employees (P = 
.87) or cadavers (P = .30). Average duration (range) to move cadavers onto MAT was 5.7 
± 4.6 s (2 – 13 s; 135 kg), 7.5 ± 3.6 s (3 – 13 s; 118 kg) and 3.7 ± 1.9 s (2 – 7 s; 68 kg). 
No employee was able to complete the entire task, such that none of the cadavers were 
moved into the hospital pen using the MAT. The average duration for failed attempts was 





two employees were able to move the heavier and lighter cadaver into the alleyway (68 
kg: 11 ± 5.7 s; 135 kg: 39.5 ± 34.6 s).  
 Since employees were unable to move cadavers into the hospital pen, peak force 
was measured only once and at the furthest location reached for each cadaver task. 
Employees did not differ for force used (P = .40). Average peak exertion force (±SE) was 
592.0 ± 41.2 N, and ranged from 357.8 to 835.7 N. Less force was used for the lightest 
cadaver (68 kg: 393.7 ± 14.1 N; 118 kg: 647.3 ± 46.5 N; 135 kg: 735.1 ± 48.8 N; P = 
.0003). Increase in force needed to move the MAT with increase in cadaver BW could be 
explained by the MATs design, which is to provide a non-slip surface to reduce sliding 
and shifting. 
 
Employee physiologic measures 
 Employees did not differ in heart rate or oxygen saturation (P ≥ .05). Similarly, 
heart rate and oxygen saturation did not differ between employees moving cadavers (P > 
.05). Average duration (range) for change in employee heart rate was 49.0 ± 13.1 bpm 
(35 – 71 bpm; 135 kg), 38.8 ± 12.7 bpm (19 – 53 bpm; 1118 kg), and 39.5 ± 8.8 bpm (29 
– 52 bpm; 68 kg). Change in employee oxygen saturation was 0.8 ± 1.3 % (0 – 3 %; 135 
kg), -0.5 ± 1.0 % (-2 – 1 %; 118 kg), and -0.2 ± 0.75 % (-1 – 1 %; 68 kg).  
 
MAT tool durability and evaluation  
 The MAT tool was durable since there were no rips, holes, or creases after being 





 Surveys were obtained from all six employees for all three cadaver tasks (Tables 
3.3 and 3.4). Feedback from employees on the potential of the MAT as a handling tool 
was mixed. Employees agreed that moving the MAT in the home pen was very difficult, 
and the three employees who were able to move the MAT out of the pen into alley scored 
it as very difficult even with the lightest cadaver. Employees commented that the MAT 
was stiff and lacked movement ease. These comments support the researchers’ casual 
observations of employee frustration during their performance of the cadaver tasks.  
Rolling cadavers onto the MAT was ranked as neutral or easy in 9 of 18 surveys (50.0%). 
In the home pen, positioning cadavers onto the MAT was ranked as easy (72.2%). In the 
alley, repositioning cadavers onto the MAT was ranked as neutral (31.3%) or difficult 
(31.3%).  
 Three employees ranked the MAT size as difficult, and commented that the MAT 
was awkward to carry throughout the barn and was a little too wide to fit in the alley (two 
employees). All employees ranked the MAT weight as difficult or very difficult and 
commented that the MAT itself was too heavy to move, a problem that increased with the 
addition of a cadaver (three employees).  
 All employees felt strongly that the MAT would not easily move a non-
ambulatory market-weight pig and would not recommend this MAT to other employees 
for moving a non-ambulatory market-weight pig.  
 
General Discussion 
 Field expertise associated with moving non-ambulatory pigs has resulted in 
several guidance documents. The American Meat Institute11 recommends using slide 





plants. Similarly, the Transport Quality Assurance program2 recommends stretchers, 
sleds, hand carts and specialized skid loaders for moving non-ambulatory pigs. When 
non-ambulatory pigs occur on farms, the Pork Quality Assurance Plus program1 
recommends using plastic sleds or drag mats. Despite these recommendations, science-
based publications validating different handling tools that have been recommended for 
moving non-ambulatory pigs is lacking. 
 It is important to test potential on-farm handling tools for ease of use, employee 
safety12 and pig welfare13,14. The purpose of this study was to determine if this MAT 
could be a suitable handling tool for live non-ambulatory pigs on-farm. If feasible, this 
MAT could have multiple uses and would be cost effective since it was relatively 
economical to modify (approximately $100 USD). Unfortunately, based on our findings 
the current MAT is not recommended as a suitable handling tool to move cadavers or 
non-ambulatory pigs on-farm. 
 
Implications 
 Collectively, this MAT is not a suitable handling tool for manually moving non-
ambulatory grow-finish pigs.  
 Further MAT modifications could improve ease of movement (e.g., adding a slick 
surface underneath the MAT) and positioning to keep the pig secured (e.g., 
adding restraint straps).  
 Moving non-ambulatory pigs with this MAT may be feasible with additional 
power provided by a skid loader or similar farm equipment since the MAT was 
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Tables and Figures 
Table 3. 1. Commercial grow-finish building and production specifications used in a 
study evaluating a MAT as a handling tool to move grow-finish pig cadavers from 
home- to hospital pen 
Measure Details 
Site capacity, pigs 5,350  
Projected market weight*, kg    127  
No. of Barns        1 
Rooms/Barn        1 
Space allowance, m2     0.7  
No. pigs/pen     30  
Barn width, m   12.5 
Barn length, m 115.8 
Pens/barn     64 
Pen width, m     3.1 
Pen depth, m      5.8 
Pen flooring Fully slatted concrete  
Slat width, cm   12.7 
Slot width, cm     2.5 
Alley width, cm   53.3  
Gate width, cm   82.6 
Gate length, m     2.7 





*Projected market weight of pigs range between 125 – 136 kg 
‡Two empty pens were designated as the home pen and hospital pen. Distance from 






Table 3. 2. Employee MAT tool survey* on a 5-point scale (5= very easy, 4= easy, 3= 
neutral, 2= difficult and 1= very difficult) for questions one through four. Questions 
five and six were scored as Yes/No.  
Questions  
1) Rate MAT for:      
a) Rolling cadaver from home pen floor onto 
MAT 
5 4 3 2 1 
2) Positioning ease of cadaver onto MAT†:      
a) Home pen 5 4 3 2 1 
b) Alley 5 4 3 2 1 
3) Rate MAT for:      
a) Moving MAT in home pen towards pen gate 5 4 3 2 1 
b) Moving MAT out of home pen and into 
alley 
5 4 3 2 1 
c) Moving MAT down the alley to hospital pen 5 4 3 2 1 
4) Rate MAT for:       
a) MAT size to move cadaver‡ 5 4 3 2 1 
b) MAT weight to move cadaver§ 5 4 3 2 1 
5) Do you think the MAT could easily be used 
to move a NA¶ market-weight pig 
Yes No 
6) Would you recommend this MAT to other 







*During each resting period, employees were asked to evaluate the MAT using the MAT 
tool survey. Each employee (n= 6) filled out three surveys, one per cadaver (n = 3), for a 
total of 18 surveys completed.  
†Positioning defined as cadaver head positioned toward handle and legs/body centered on 
MAT 
‡MAT size defined as whether the length and width affected movement ease  
§MAT weight defined as whether the weight affected movement ease   






Table 3. 3. Employee score frequency* (percentages) assigned for MAT tool survey on a 5-point scale (5= very easy, 4= easy, 3= 
neutral, 2= difficult and 1= very difficult) for questions one through four. Only employees able to complete each cadaver tasks 
were included in the results 
Questions  Score (Frequency, [%])† 
5 4 3 2 1 
1. Rate MAT for‡:      
a) Rolling cadaver from home pen floor onto MAT 4 (22.2) 9 (50) 2 (11.1) 0 (0) 3 (16.7) 
2. Ease of positioning cadaver onto MAT in§:      
a) Home pen 2 (11.1) 13 (72.2) 2 (11.1) 0 (0) 1 (5.6) 
b) Alley  2 (12.5) 4 (25.0) 5 (31.3) 0 (0) 5 (31.3) 
3. Rate MAT on¶:      
a) Moving MAT in home pen towards gate†† 0 (0) 0 (0) 0 (0) 3 (33.3) 6 (66.7) 
b) Moving MAT out of home pen into alley†† 0 (0) 0 (0) 0 (0) 4 (44.4) 5 (55.6) 
c) Moving MAT down alley to hospital pen‡‡ NA NA NA NA NA 
4. Rate MAT on**:      
a) Size of MAT to move cadaver 1 (5.6) 5 (27.8) 5 (27.8) 1 (5.6) 6 (33.3) 
b) MAT weight to move cadaver 1 (5.6) 2 (11.1) 1 (5.6) 7 (38.9) 7 (38.9) 
58 
 
*Frequency is the number of times each score on the MAT tool survey was marked across 
the three cadaver weights and followed by the corresponding percentages.  
†Questions one through four of the MAT tool survey were scored using the following 5-
point scale: Very easy (5), easy (4), neutral (3), difficult (2), and very difficult (1).  
‡Employees scored the MAT from very easy to very difficult on a) rolling cadaver from 
home pen floor onto the MAT. 
§Employees scored the MAT from very easy to very difficult on positioning ease of the 
cadaver onto the MAT in a) home pen and b) alley. 
¶Employees scored the MAT from very easy to very difficult on movement ease with a 
cadaver from the a) home pen towards the gate, b) out of the home pen and into the start 
of the alley (defined as the MAT being entirely inside the alley and oriented towards the 
hospital pen), and c) down the alley and into the hospital pen (defined as MAT being 
entirely inside the hospital pen). 
**Employees scored the MAT from very easy to very difficult on the a) MAT size to 
move the cadaver from home pen to hospital pen and b) MAT weight to move cadaver 
from the home pen to hospital pen. 
††Results are from five employees who were able to move at least one of the three 
cadavers in the home pen towards the alley and out of the pen into the alley.  
‡‡No results are available for moving the MAT down alley into the hospital pen, as no 






Table 3. 4. Employee* MAT tool survey on a 5-point scale (5= Very easy, 4= easy, 3= neutral, 2= difficult, and 1= very 
difficult). Only employees able to complete each cadaver tasks were included in the results.
  Cadaver (kg) ‡ 
Questions†   One (135) Two (118) Three (68) 
  Mean SD Mean  SD Mean  SD 
1. Rate MAT for§:        
  a) Rolling cadaver from home pen floor onto MAT  3.2 1.7 4.2 0.8 3.5 1.4 
2. Positioning ease of cadaver onto MAT¶:        
  a) Home pen  4.0 0.6 3.8 0.4 3.7 1.4 
  b) Alley  3.4 1.5 3.0 1.2 2.3 1.6 
3. Rate MAT on**:        
  a) Moving MAT in home pen towards gate  1.0 0‡‡ 1.0 .§§ 1.6 0.5¶¶ 
  b) Moving MAT out of home pen into alley   1.0 0‡‡ 1.0 .§§ 1.8 0.4¶¶ 
  c) Moving MAT down alley to hospital pen***  NA . NA . NA . 
4. Rate MAT on††:        
  a) MAT size to move cadaver  2.7 1.4 3.3 1.4 2.0 1.3 




*After moving a cadaver from the home pen to the hospital pen, employees were asked to 
evaluate the MAT using the MAT tool survey. 
†Questions one through four of the MAT tool survey were scored using the following 5-
point scale: Very easy (5), easy (4), neutral (3), difficult (2), very difficult (1). 
‡Three commercial crossbred (PIC) genetic line pigs were selected from the general 
population and euthanized. Cadaver one weighed 135 kg and reason for euthanasia was 
belly rupture. Cadaver two weighed 118 kg and reason for euthanasia was belly rupture. 
Cadaver three weighed 68 kg and reason for euthanasia was chronic health (BW were 
rounded up to the whole number). A belly rupture was defined as a result of abdominal 
contents passing through the midline defect of the umbilicus and chronic health included 
poor body condition, injury, or bacteria/virus disease. 
§Employees scored the MAT from very easy to very difficult on a) rolling cadaver from 
the home pen floor onto MAT. 
¶Employees scored the MAT from very easy to very difficult on positioning ease of 
cadaver onto the MAT in a) home pen and b) alley. 
**Employees scored the MAT from very easy to very difficult on movement ease with a 
cadaver from the a) home pen towards gate, b) out of home pen and into alley (defined as 
MAT being entirely inside the alley and oriented towards the hospital pen), and c) down 
the alley and into the hospital pen (defined as MAT being entirely inside the hospital 
pen). 
††Employees scored the MAT from very easy to very difficult on the a) MAT size to 
move the cadaver from home pen to hospital pen and b) MAT weight to move cadaver 




‡‡Results shown are from the three employees who were able to complete the 135 kg 
cadaver tasks. 
§§Results shown are from one employee that was able to complete the 118 kg cadaver 
tasks; therefore a SD could not be calculated. 
¶¶Results shown are from five employees who were able to complete the 68 kg cadaver 
tasks 
***No results are available for moving the MAT down alley into the hospital pen, as no 





Figure 3. 1. The wean-to-finish mat was modified in order to safely move a grow-
finish pig cadaver from the home pen to the hospital pen.  
 
A) Original wean-to-finish mat dimensions were 1.8 m length x 1.2 m width x 1.3 cm 
depth. B) Two 55.9 cm pieces of PCV trim board (one located on backside), two carriage 
bolts, two flat washers, two hex nuts, four exterior screws were added to provide a 
durable re-enforcement. A 2.7 m polypropylene rope was attached to the two empty holes 
located to the inside of the carriage bolts to create a handle. The final MAT anterior 
dimensions were 1.8 m length x 0.6 m width x 1.3 depth. C) MAT posterior had a PVC 
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 Through the National Pork Board, the U.S. pork industry provides 
recommendations on humane handling tools and acceptable non-ambulatory pig 
handling.1-2 While these recommendations are useful, Chapter three in this thesis did not 
support the use of a modified wean-to-finish mat in its current form as a suitable handling 
tool for manually moving non-ambulatory grow-finish pigs. Further mat modifications 




securing the cadaver with the addition of restraint straps. Therefore, a sked, deer sled and 
modified deer sled were studied because these handling tools range in cost and producers 
can easily access these handling tools online or in store. The objective of this project was 
to test a sked, deer sled, and modified deer sled as handling tools for non-ambulatory 
grow-finish pigs. On-farm testing was accomplished using pig cadavers (59 – 134 kg) to 
evaluate handling tool effectiveness based on employee effort and opinion. Our results 
support the sked and deer sled as effective handling tools to move grow-finish pigs. 
However, we do not support the modified deer sled as an effective handling tool for 
moving grow-finish pigs.  
 
Keywords: caretakers, grow-finish pig, handling tools, non-ambulatory pigs, animal 
welfare 
 
 The National Pork Board (NPB) provides guidance about humane swine handling 
through the Pork Quality Assurance Plus (PQA) and Transport Quality Assurance 
programs.1-2 Building on these educational programs, the Common Swine Industry Audit 
(CSIA) was designed as an assurance program to meet company and customer needs3, 
and includes requirements for humane swine handling. Willful acts of abuse and neglect 
are strictly prohibited elements of the CSIA resulting in automatic audit failure as 
described “[d]ragging of conscious animals by any part of their body except in the rare 
case where a non-ambulatory animal must be moved for a life threatening situation. Non-




a lack of published evidence to guide producers about humane handling options for non-
ambulatory pigs, including handling tool design.  
 Non-ambulatory pigs can occur on-farm due to injury, illness or fatigue during 
day-to-day operations and during loading and unloading from transport trailers. Hence, 
employees may be required to move non-ambulatory pigs into or out of pens, alleys and 
load out areas. To ensure pig and caretaker safety, it is important to have facilities with 
wide enough alleys and pen openings, appropriate and durable handling equipment, and 
correctly trained employees.4 The objective of this project was to test a sked, deer sled 
and modified deer sled as handling tool options for non-ambulatory grow-finish pig 
cadavers. 
 
Materials and Methods 
 All research was approved by Iowa State University Institutional Review Board 
for Humans Subject Research (Approval #18-003). Due to ethical considerations, on-
farm testing was accomplished using pig cadavers hence, Institutional Animal Care and 
Use Committee approval was not needed. 
 
Handling tools  
 Three identical Haz-Mat/Hospital skeds were purchased from Skedco (SKU: sk-
250, Tualatin, Oregon, USA). The skeds (SKED) weighed 5.0 kg, measured 2.4 m length 
× 91.4 cm width × 0.3 cm depth, and made of medium-density polyethylene plastic 
(Figure 4.1a). Modifications were made to reduce the length to make transitioning 
between the pens and alleyways possible. For each sked, all straps were removed except 




straps) used to secure cadaver to sked. Across the width on the foot-end, a 31.1 cm line 
was drawn and a hacksaw was used to cut across the line. The final sked dimensions were 
1.9 m length × 91.4 cm width (Figure 4.1b).  
 Three identical Magnum Deer Sleigh’r Game Sleds were purchased from 
Sportman’s Guide (Item Number: 138755, Minneapolis, MN, USA). The deer sleds 
(SLED) weighed 2 kg, measured 1.8 m length × 91.8 cm width × 0.2 cm depth, and was 
made of slick polymer. Two strings (1.83 m × 0.76 cm) were provided by the 
manufacturer to secure the animal to the sled. A handle was created by inserting and 
knotting a 2.4 m polypropylene rope on the upper surface (Figure 4.2).  
 Additionally, three identical Magnum Deer Sleigh’r Game Sleds were purchased 
from Sportman’s Guide (Item Number: 138755, Minneapolis, MN, USA). Modifications 
were made to reduce the width to fit inside alleys. On each deer sled, the final width was 
50.8 cm and was achieved by removing 20.3 cm from each side. A handle was created by 
inserting and knotting a 2.4 m polypropylene rope on the upper surface. The final MDS 
dimensions were 1.8 m length × 50.8 cm width (Figure 4.3).  
 
Animals, facilities and cadaver tasks  
 The study was conducted on three commercial grow-finish sites in Central Iowa. 
Fifteen commercial crossbred pigs were selected from the hospital pen by the company 
veterinarian (author CDJ) and euthanized according to company protocols, which were 
consistent with industry guidelines.5 Prior to euthanasia, body weights were collected 
using a weigh scale (Raytec WayPig 300; AGRIsales Inc., Ceresco, NE) and rounded up 




order for movement by handling tool. The weight order was rotated on each farm so a 
weight class (light, medium, heavy) was never consistently first, second or last.  
 For the cadaver tasks, two empty pens were designated as the start (home pen) 
and end (hospital pen), corresponding to distance that a non-ambulatory pig would need 
to be humanely moved on a typical commercial farm. For facility details refer to Table 
4.1.  
 Each cadaver was positioned inside the home pen 2.9 m from alleyway gate and 
2.3 m in from the right pen divider for farm one. 3.5 m from alleyway gate and 2 m in 
from the right pen divider for farm two. 3.6 m from alleyway gate and 2 m in from the 
right pen divider for farm three. Cadaver was oriented with the head towards the 
alleyway at all farms. At the start of each cadaver task, employee was asked to roll the 
cadaver onto the handling tool (SKED, SLED, and MDS) and move it from home pen to 
hospital pen.  
 
Handling tool securing process  
 A cadaver was rolled onto SKED so it was in lateral recumbency. Cadaver’s back 
was aligned inside the SKED’s edge to ensure legs were not sticking out the sides. 
Cadaver was secured by three buckle restraints. A cadaver was rolled onto SLED so it 
was in lateral recumbency. Cadaver’s back was aligned inside the SLED’s edge to ensure 
legs were not sticking out the sides. Cadaver was secured by knotting one string end in 
the first hole, moving string across cadaver and knotting strings other end in the first hole 
on opposite side. Same knotting process was completed on the third hole for second 




Employee enrollment  
 Four English-speaking male employees were enrolled in the study by the 
company veterinarian. Employees ranged in age of 23 – 60 years old, in height 180.3 – 
195.6 cm, in weight 83.9 – 113.4 kg and on-farm experience of 1 – 30 years. The 
employees were comprised members of the production well-being team and the 
engineering team. On study day, each employee was asked to complete a demographics 
questionnaire in the farm office before completing cadaver tasks using the three handling 
tools.  
 
Duration of cadaver tasks and peak exertion force  
 Time to complete cadaver tasks were measured at four time points (s): 1) 
Duration to roll cadaver from home pen floor onto the handling tool (TOD). 2) Duration 
to secure cadaver on the handling tool (TTS). 3) Duration to move handling tool and 
cadaver from home pen into the alleyway, defined as the handling tool being entirely 
inside the alley and oriented towards the hospital pen (TTA). 4) Duration to move 
handling tool and cadaver along the alleyway and into the hospital pen, defined as 
handling tool being entirely inside the hospital pen (MUA). 
 A FGV-HXY High Capacity Digital Force Gauge (Nidec-SHIMPO America 
Corporation, Itasca, IL, USA) was attached to the handling tool handle to record peak 
force (N) applied by the employee while moving the cadaver. Each employee held his or 
her arms with the force gauge positioned at waist height and pulled for five continuous 
seconds. Cadaver tasks were performed in two locations (1) in the alleyway immediately 




Employee physiologic measures 
 One researcher collected each employee’s physiologic measures at two different 
time points: (1) baseline resting levels in the home pen and (2) post exertion levels 
collected immediately after moving each cadaver. A pulse oximeter (Pulse Oximeter 
50DL; Clinical Guard, Atlanta, GA, USA) was placed onto the employee’s index finger 
to collect heart rate (bpm) and oxygen saturation (%). Consistent with other studies6-7, a 
minimum 5-min resting period was enforced between each cadaver task to allow 
physiologic measures to return to baseline levels. 
 
Employee handling tool evaluation and durability  
 During each resting period, employees were asked to evaluate the handling tools 
using the survey identified in Table 4.2. On each farm, the handling tool was moved three 
times per employee resulting in the handling tool survey being completed 180 times (60 
survey per handling tools). Comments were also solicited for each question to collect 
qualitative data.  
 Handling tool durability was evaluated by one of the researchers (author EEA) for 
presence of holes, rips or creases at the conclusion of each cadaver task. If observed, 
these were counted, measured (cm) and photographed. 
 
Statistical Analysis  
 The handling tool survey was evaluated by simple means and standard deviation 




measuring holes, rips and creases after movement from home pen to hospital pen. Two 
new variables were created for employee heart rate and oxygen saturation; 
 
Change in employee heart rate (bpm) = hospital pen heart rate – baseline resting heart 
rate  
 
Change in employee oxygen saturation (%) = hospital pen post exertion oxygen 
saturation – baseline resting oxygen saturation  
 
 The distribution of the peak exertion force, handling tool duration, change in 
employee heart rate- and oxygen saturation difference data were evaluated using the 
PROC UNIVARIATE procedure (SAS v 9.2, SAS Inst., Inc., Cary, NC). Data met the 
assumption of normality and were analyzed using mixed model methods (PROC 
MIXED) for parametric data. The statistical design was a complete randomized design 
with the statistical model including the fixed effect of employee (n = 4), handling tool (n 
= 3) and farm (n = 3) with cadaver (kg) as a linear covariate. Employee within farm was 
included as a random effect in the model. A P ≤ .05 was considered significant and 
PDIFF option (SAS v 9.2, SAS Inst., Inc., Cary, NC) was used to separate means when 
fixed effects were a significant source of model variation.  
 
Results  
Duration of cadaver tasks and exertion force 
 Total duration was affected by handling tool and farm (P < .001; Table 4.3). Total 




increase in weight (P < .0001). MDS was quicker to move than SKED and SLED. 
Average total durations were as follows: SKED [67.1 ± 3.0 s] vs SLED [107.5 ± 3.0 s, P 
< .0001]; SLED vs MDS [63.0 ± 3.0 s, P < .0001]. Employee was not a source of 
variation (P = .24).  
 Duration onto the handling tool was affected by cadaver, such that 0.05 s increase 
occurred with each one kg increase in weight (P < .0001; Table 4.3). Handling tool, farm 
and employee were not sources of variation (P > .05). Duration to secure the cadaver was 
affected by handling tool and cadaver, such that 0.15 s increase occurred with each one 
kg increase in weight (P < .01). Farm and employee were not sources of variation (P > 
.05). Duration to move from home pen into start of alley was affected by farm and 
cadaver, such that 0.16 s increase occurred with each one kg increase in weight (P < .01). 
Handling tool and employee were not sources of variation (P > .05). Duration to move 
from start of alley into hospital pen was affected by handling tool, farm and cadaver, such 
that 0.33 s increase occurred with each one kg increase in weight (P < .001). Employee 
was not a source of variation (P = .86).  
 Peak exertion force at the start of the alley was affected by handling tool, farm 
and cadaver, such that 2.3 N increase occurred with each one kg increase in weight (P < 
.001; Table 4.4). The SKED had a higher coefficient of friction than the SLED or MDS. 
Average peak exertion force (±SE) at the start of alley were as follows: SKED [256.3 ± 
7.1 N] vs SLED [202.2 ± 7.1 N, P < .0001]; SKED vs MDS [205.3 ± 7.1 N, P < .0001]. 
Employee was not a source of variation (P > .05). Exertion force at the end of the alley 
was affected by handling tool, farm and cadaver, such that 2.2 N increase occurred with 




SKED then SLED or MDS. Average exertion force (±SE) in hospital pen were as 
follows: SKED [228.3 ± 5.8 N] vs SLED [181.1 ± 5.8 N, P < .0001]; SKED vs MDS 
[191.5 ± 5.8 N, P < .0001]. Employee was not a significant source of variation (P =.27).  
 
Employee physiologic measures 
 Change in heart rate after moving the cadaver from home- to hospital pen was 
affected by the handling tool used (P = .04). Change in heart rate was greater with SKED 
than MDS (P = .01); SLED did not differ from SKED or MDS. Average (±SE) and range 
of change in employee heart rate were as follows: SKED [62.7 ± 3.1 bpm (12 – 91 bpm)], 
MDS [56.4 ± 3.1 bpm (15 – 104 bpm,)] and SLED [60.3 ± 3.1 bpm (20 – 92 bpm)]. 
Change in heart rate was affected by cadaver, such that 0.22 bpm increase occurred with 
one kg change in cadaver weight (P < .0001). Employee and farm were not sources of 
variation (P > .05). Change in oxygen saturation after moving the cadaver from home pen 
to hospital pen was not affected by handling tool, cadaver weight, employee, or farm (P > 
.05). 
 
Handling tool evaluation and durability  
 Surveys were obtained from all four employees for all cadaver tasks (Tables 4.5 
and 4.6). Employees ranked rolling cadavers onto the MDS as very easy (32 of 60 
scores), whereas SKED (32 of 60 scores), SLED (33 of 60 scores) were ranked as easy. 
Securing cadavers onto SKED was very easy (31 of 60 scores), whereas SLED was 
ranked easy (20 of 60 scores). The MDS did not include restraints and therefore was not 




restraints with buckle restraints used on the SKED. Additionally, employees 
recommended buckle restraints for the MDS.  
 In the home pen and in the alley, positioning cadavers onto MDS the employees 
ranked this task as very easy (home pen: 28 of 60 scores; alley: 23 of 60 scores). 
Whereas, the employees ranked the SKED (home pen: 33 of 60 scores; alley: 30 of 60 
scores) and SLED (home pen: 33 of 60 scores; alley: 27 of 60 scores) as easy to position. 
Employees commented on the importance of centering the cadaver head by the handle to 
limit risks of catching head and limbs on penning when moving down the alley. The 
SLED (31 of 60 scores) and MDS (30 of 60 scores) were ranked as very easy to move 
from home- to the hospital pen, while SKED (35 of 60 scores) was ranked as easy. 
Employees recommended adding a flexible PVC tube section to the SLED and MDS 
polypropylene rope handle to prevent the rope from pinching employees’ hands during 
movement. MDS size (44 of 60 scores) and weight (45 of 60 scores) were ranked as very 
easy. The SLED size (30 of 60 scores) and weight (35 of 60 scores) were ranked as easy. 
The SKED’s size was ranked as neutral (27 of 60 scores) and employees commented on 
the width, which periodically caught on penning during movement. However, the 
SKED’s weight was ranked as easy (35 of 60 scores).  
 The SKED was the most durable with a 8.9 cm crease on the 9th drag and a rip 
(2.5 cm length x 1.3 cm width) on the side of one SKED after the 11th drag. The SLED 
was the least durable handling tool with multiple creases ranging from 1.3 cm – 11. cm in 
length, rips 2.5 cm – 35.6 cm in length, and holes 2.5 cm – 34.3 cm in length and 
approximately 0.6 cm in width. The holes, rips, and creases were not large enough to 





 Field expertise and their experience associated with moving non-ambulatory pigs 
has resulted in several guidance documents. The American Meat Institute8 recommends 
using slide boards, sleds and “cripple carts” to move non-ambulatory pigs within meat 
processing plants. Similarly, the Transport Quality Assurance program2 recommends 
stretchers, sleds, hand carts and specialized skid loaders for moving non-ambulatory pigs. 
When non-ambulatory pigs occur on farms, the Pork Quality Assurance Plus program1 
recommends using plastic sleds or drag mats. Chapter three of this thesis did not support 
the use of a modified wean-to-finish mat for manually moving non-ambulatory grow-
finish pig cadavers. There are no other science-based publications validating different 
handling tool options for moving non-ambulatory pigs.  
 Handling tool duration (s) would change between farm sites due to barn layout, 
differing alleyway width and length, pen and alley flooring, percentage of dry vs wet 
manure covering the alley floor. When moving up the alley, farm site one took twice as 
long to move all handling tools: farm one [55 s] vs farm two [29 s] vs farm three [21 s]. 
When breaking this down further by handling tools per farm, on farm one sked [40 s], 
deer sled [38 s] and modified deer sled [63 s]. Farm two was sked [24 s], deer sled [30 s] 
and modified deer sled [34 s]. Lastly, farm three was sked [21s], deer sled [19 s] and 
modified deer sled [23 s]. The difference could be explained by the smaller alley width in 
farm one, which could affect handling tool movement ease. The decrease in alley width 
could cause the pig cadaver limbs and head to catch in penning when moving from home- 
to hospital pen. It is suggested when conducting future research on handling tools for the 
grow-finish pig, one important measure to collect is the amount of manure on the pen and 




 Researchers should also look at whether the peak force changed based on where 
the handle was positioned, for example, if the handle was held more at shoulder height 
(75 degree angle) vs being pulled at waist height (45 degree angle). In addition, how a 
combination of employee height and handle lengths could affect overall force.  
 Interestingly throughout the handling tool survey, modified deer sled was ranked 
similarly to the sked and deer sled. However, when employees were asked about the 
modified deer sled ease of movement and if they would recommend this handling tool all 
employees said no, because the current modified deer sled did not have restraint straps. 
After conclusion of the study, the researcher was interested if inclusion of restraint straps 
would make a difference in moving the pig cadaver. Restraints similar to the sked’s were 
affixed to the modified deer sled and taken on-farm to be tested on a pig cadaver. The 
researcher observed that even with restraints, the pig cadaver continually slid off the 
backside and had to be repositioned multiple times. Therefore, even with inclusion of 
restraints the modified deer sled would not be a suitable handling tool to move a non-
ambulatory pig.  
 Future research studies should test whether different cadaver positioning on 
handling tools could affect movement ease. For example, positioning cadaver with hind 
end closest to the handle vs cadaver head closest to handle and cadaver in lateral 
recumbence vs cadaver laying on back with limbs in the air. Handling tools should be 
tested on varying farm site layouts as movement ease could differ between farm sites and 
handling tools. Furthermore, testing should occur when a pig becomes non-ambulatory 




 It is important to test potential on-farm handling tools for ease of use, employee 
safety9 and pig welfare10-11. The purpose of this study was to determine if this sked, deer 
sled and modified deer sled could be suitable handling tools for live non-ambulatory pig 
on-farm. The three handling tools were selected due to durability, able to move across a 
variety of terrain, large enough to withstand heavy weights, and can be rapidly deployed 
by one employee. These handling tools can be bought online and are relatively 
economical to modify (approximately $327, $31, and $31 USD). 
 
Implications 
 This version of the SKED and SLED are suitable handling tools for manually 
moving non-ambulatory grow-finish pigs 
 However, this MDS is not a suitable handling tool for manually moving non-
ambulatory grow-finish pigs 
 Further research will help determine if the SKED and SLED are applicable to 
move non-ambulatory pigs on a commercial farm 
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Tables and Figures 
Table 4. 1. Commercial grow-finish buildings and production specifications used in 
a study evaluating handling tools* to move grow-finish pig cadavers from home- to 
hospital pen 
Farm 1 2 3 
Site capacity, pigs     5350     2400     2400 
Barn capacity     1783     2400     2400 
Projected market weight, kg†       127      127       127 
No. of Barns           3          1          1 
Rooms/Barn           1          2          2 
Barn width, m      12.5      15.5      15.5 
Barn length, m    115.8    118.3    118.3 
Pen width, m        3.1        2.6        2.7 
Pen depth, m        5.8        7.0        7.2 
Pens/barn         64         78          78 
Space allowance, m2        0.6        0.7         0.7 
No. pigs/pen 20 – 30 20 – 30 20 – 30 
Pen flooring Fully slatted Fully slatted Fully slatted  
Slat width, cm      12.7      15.2      15.2 





Table 4. 1. (continued) 
Farm 1 2 3 






Alley width, cm 53.3 63.5 66.0 
Alley concrete center, cm  30.3 13.9 15.2 
Gate width, cm 82.6 85.1 86.4 
Gate length, m   2.7   2.7   2.7  
Distance from home- to hospital pen, m‡ 57.9 59.2 59.2  
*Handling tools tested to move grow-finish pig cadavers from home pen to hospital pen 
were sked, deer sled and modified deer sled  
†Projected market weight of pigs range between 125 – 136 kg  
‡Two empty pens were designated as the home pen and hospital pen. Distance from 
home- to hospital pen corresponded to the distance a non-ambulatory pig would need to 




Table 4. 2. Employee handling tool (HT; sked, deer sled and modified deer sled) 
survey* to determine ease of use and recommendation. Questions one through four 
were administered on a 5-point scale (5= very easy, 4= easy, 3= neutral, 2= difficult 
and 1= very difficult), and questions five and six were Yes/No 
Questions  
1) Rate HT for:      
a) Rolling cadaver from home pen floor onto HT 5 4 3 2 1 
b) Securing cadaver onto HT 5 4 3 2 1 
2) Positioning ease of cadaver onto HT†:      
a) Home pen 5 4 3 2 1 
b) Alley 5 4 3 2 1 
3) Rate HT for:      
a) Moving HT in home pen towards pen gate 5 4 3 2 1 
b) Moving HT out of home pen and into alley 5 4 3 2 1 
c) Moving HT down the alley to hospital pen 5 4 3 2 1 
4) Rate HT for:       
a) HT size to move cadaver‡ 5 4 3 2 1 
b) HT weight to move cadaver§ 5 4 3 2 1 
5) Do you think the HT could easily be used to 
move a NA¶ market-weight pig 
Yes No 
6) Would you recommend this HT to other 
producers to move a NA market-weight pig 
Yes No 




deer sled and modified deer sled) using the handling tool survey. Each employee (n= 4) 
filled out three surveys, one per cadaver (n = 15), over three farm sites for a total of 180 
surveys completed 
†Positioning defined as pig cadaver in lateral recumbence with head positioned toward 
handle. Back of cadaver was aligned with the inside of the handling tool, so that the legs 
were inside when secured  
‡Handling tool size defined as whether the length and width affected movement ease  
§Handling tool weight defined as whether the weight affected movement ease   







Table 4. 3. Time (s) LS means (± SE) and range* to move grow-finish pig cadavers from the home- to the hospital pen for three 
handling tools† by four employees‡ across three commercial grow-finish sites§ 
Trait Handling tools Employees† 
SKED SLED MDS  3 4 5 6 
TOD 5.8 ± 0.4 
(1 – 13) 
6.2 ± 0.4 
(2 – 14) 
5.2 ± 0.4 
(1 – 13) 
 5.7 ± 0.4 
(1 – 13) 
6.6 ± 0.4 
(1 – 13) 
5.6 ± 0.4 
(2 – 14) 
5.1 ± 0.4 
(2 – 12) 
TTS 19.0 ± 1.7a 
(9 – 47) 
57.9 ± 1.7b 
(27 – 100) 
NA¶ 
 
 41.2 ± 2.4 
(9 – 97) 
33.3 ± 2.4 
(9 – 100) 
41.6 ± 2.4 
(11 – 97) 
37.5 ± 2.4 
(13 – 87) 
TTA 12.5 ± 0.8 
(5 – 28) 
11.5 ± 0.8 
(4 – 43) 
14.1 ± 0.8 
(6 – 36) 
 14.0 ± 1.1 
(5 – 43) 
11.8 ± 1.1 
(4 – 34) 
14.2 ± 1.1 
(7 – 29) 
10.8 ± 1.1 
(5 – 36) 
MUA 29.9 ± 2.5a 
(13 – 71) 
31.9 ± 2.5a 
(14 – 80) 
43.6 ± 2.5b 
(16 – 190) 
 36.4 ± 3.2 
(18 – 151) 
33.0 ± 3.2 
(12 – 190) 
34.9 ± 3.2 
(16 – 125) 
36.1 ± 3.2 
(19 – 127) 
TD 67.1 ± 3.0a 
(32 – 98) 
107.5 ± 3.0b 
(56 – 201) 
63.0 ± 3.0a 
(28 – 210) 
 83.3 ± 3.4 
(28 – 201) 
73.7 ± 3.4 
(30 – 210) 
82.6 ± 3.4 
(33 – 154) 
77.2 ± 3.4 




Table 4. 3. (continued) 
a.b.cMeans within a row with different superscripts differ under each main effect (P < 
0.05) 
*The LS means and standard error (SE) were a complied version from all fifteen 
cadavers (range 59 – 134 kg) across three commercial grow-finish farm sites 
†Three handling tools tested to move grow-finish pig cadavers from home- to hospital 
pen included sked (SKED), deer sled (SLED) and modified deer sled (MDS) 
‡The four employees were all male, ranging in age of 23 – 60 years old, in height 180.3 – 
195.6 cm, in weight 83.9 – 113.4 kg and on-farm experience of 1 – 30 years.  
§Three commercial grow-finish facilities were used in the study. Alley flooring was 
partially slatted with a concrete center: farm one, 30.3 cm; farm two, 13.9 cm; and farm 
three, 15.2 cm. The alley width was: farm one, 53.3 cm; farm two, 63.5 cm; and farm 
three, 66 cm. Distance from home- to hospital pen was: farm one, 57.9 m; farm two, 59.2 
Trait Farms 
 1 2 3 
TOD 5.7 ± 0.4  (1 – 13) 6.0 ± 0.3  (2 – 14) 5.5 ± 0.3  (1 – 12) 
TTS 39.5 ± 2.6 (9 – 88) 39.9 ± 1.9  (11 – 100) 35.9 ± 1.9  (11 – 97) 
TTA 14.2 ± 1.1  (5 – 36) a 14.4 ± 0.8  (6 – 43) a 9.5 ± 0.9  (4 – 28) b 
MUA 55.0 ± 3.3  (20 – 190) a 30.1 ± 2.5  (13 – 127) b 20.4 ± 2.5  (15 – 63) c 




m; and farm three, 59.2 m 
¶No results are available for securing a cadaver onto the MDS, as the handling tool did 
not include restraints 
TOD = Duration to move cadaver from home pen floor onto the handling tool  
TTS = Duration to secure cadaver on the handling tool 
TTA = Duration to move handling tool and cadaver from home pen into the alleyway 
MUA = Duration to move handling tool and cadaver along the alleyway and into the 
hospital pen 








Table 4. 4. Peak exertion force (N) by LS means (± SE) and range* to move grow-finish pig cadavers at the start of the alley 
and end of the alley for three handling tools† by four employees‡ across three commercial grow-finish sites§  
Trait  Handling tools  Employees† 
 SKED SLED MDS  3 4 5 6 
SOA 256.3 ± 7.1a 
(90 – 443) 
202.2 ± 7.1b 
(99 – 384)  
205.3 ± 7.1b 
(84 – 423) 
 237.7 ± 10.9 
(122.8 – 428.9)  
222.5 ± 10.9 
(90 – 384) 
232.2 ± 10.9 
(132 – 443) 
192.7 ± 10.9 
(84 – 325) 
EOA 228.30 ± 5.8a 
(118 – 407) 
181.1 ± 5.8b 
 (88 – 352) 
191.5 ± 5.8c 
(105 – 458) 
 184.4 ± 8.4 
(117.9 – 291.5)  
207.5 ± 8.4 
(114 – 340)  
207.5 ± 8.4 
(88 – 458)  
201.9 ± 8.5 





Table 4. 4. (continued) 
Trait Farms‡ 
 1 2 3 
SOA 212.8 ± 10.4 (108 – 442)a 273.2 ± 9.1  (90 – 428)b 177.9 ± 9.1 (84 – 326)c 
EOA 185.3  ± 8.2 (88 – 339)a 236.9 ± 6.9 (117 – 458)b 178.6 ± 6.9  (131 – 273)a 
a.b.cMeans within a row with different superscripts differ under each main effect (P < 
0.05) 
*The mean and standard error (SE) was a complied version from all fifteen cadavers 
(range 59 – 134 kg) across three commercial farm sites 
†Employees were all male, ranging in age of 23 – 60 years old and weighing between 
83.9 – 113.4 kg  
‡Three commercial grow-finish facilities were used in the study. Alley flooring was 
partially slatted with a concrete center: farm one, 30.3 cm; farm two, 13.9 cm; and farm 
three, 15.2 cm. The alley width was: farm one, 53.3 cm; farm two, 63.5 cm; and farm 
three, 66 cm. Distance from home- to hospital pen was: farm one, 57.9 m; farm two, 59.2 
m; and farm three, 59.2 m 
SOA = Start of alley (exertion force measured in the alleyway immediately outside of the 
home pen) 







Table 4. 5. Employee* score frequency (percentages) from the handling tool survey evaluating movement ease of three 
handling tools (HT)† using the 5 point Likert scale‡ on three commercial grow-finish facilities§ 
Questions Score (Frequency, [%])¶ 
1  2 3 4 5 
Sked      
1. Rate the handling tool (HT) for**:      
a) Rolling cadaver onto HT 0 (0)  1 (1.7)  7 (11.7) 32 (53.3)  20 (33.3) 
b) Securing cadaver onto HT 0 (0) 0 (0) 6 (10) 23 (38.3) 31 (51.7) 
2. Ease of cadaver positioning onto HT in††:      
a) Home pen 0 (0) 0 (0) 5 (8.33) 33 (55.0) 22 (36.7) 
b) Alley  0 (0) 0 (0) 15 (25.0) 30 (50.0) 15 (25.0) 
3. Rate the HT on‡‡:      
a) Moving HT in home pen towards gate 0 (0) 0 (0) 4 (6.7) 39 (65.0) 17 (28.3) 
b) Moving HT out of home pen into alley 0 (0) 0 (0) 12 (20.0) 32 (53.3) 16 (26.7) 







Table 4. 5. (continued) 
Questions Score (Frequency, [%])¶ 
 1  2 3 4 5 
4. Rate the HT on§§:      
a) Size of HT to move cadaver 0 (0) 0 (0) 27 (45.0) 26 (43.3) 7 (11.7) 
b) HT weight to move cadaver 0 (0) 0 (0) 14 (23.3) 40 (66.7) 6 (10.0) 
Deer sled       
1. Rate the HT for:      
a) Rolling cadaver onto HT 0 (0)  0 (0) 3 (5.0) 33 (55.0) 24 (40.0) 
b) Securing cadaver onto HT 0 (0) 16 (26.7) 19 (31.7) 20 (33.3) 5 (8.3) 
2. Ease of cadaver positioning onto HT in:      
a) Home pen 0 (0) 1 (1.7) 5 (8.33) 33 (55.0) 21 (35.0) 










Table 4. 5. (continued) 
Questions Score (Frequency, [%])¶ 
 1  2 3 4 5 
3. Rate the HT on:      
Moving HT in home pen towards gate 0 (0) 0 (0) 2 (3.3) 26 (43.3) 32 (53.3) 
Moving HT out of home pen into alley 0 (0) 2 (3.3) 6 (10.0) 22 (36.7) 30 (50.0) 
Moving HT down alley to hospital pen 0 (0) 1 (1.7) 1 (1.7) 26 (43.3) 32 (53.3)  
4. Rate the HT on:      
a) Size of HT to move cadaver 0 (0) 0 (0) 8 (13.3) 30 (50.) 22 (36.7) 
b) HT weight to move cadaver 0 (0) 0 (0) 0 (0) 35 (58.3) 25 (41.7)  
Modified deer sled       
1. Rate the HT for:      
a) Rolling cadaver onto HT 0 (0)  0 (0) 4 (6.7) 24 (40.0) 32 (53.3) 









Table 4. 5. (continued) 
Questions Score (Frequency, [%])¶ 
 1  2 3 4 5 
2. Ease of cadaver positioning onto HT in:      
a) Home pen 0 (0) 2 (3.3) 6 (10.0) 24 (40.0) 28 (46.7) 
b) Alley  1 (1.7) 6 (10.0) 16 (26.7) 14 (23.3) 23 (38.3) 
3. Rate the HT on:      
a) Moving HT in home pen towards gate 0 (0) 1 (1.67) 4 (6.7) 20 (33.3) 35 (58.3) 
b) Moving HT out of home pen into alley 0 (0) 4 (6.7) 10 (16.7) 21 (35.0) 25 (41.7) 
c) Moving HT down alley to hospital pen 0 (0) 6 (10.0) 9 (15.0) 15 (25.0) 30 (50.0) 
4. Rate the HT on:      
a) Size of HT to move cadaver 0 (0) 0 (0) 1 (1.7) 15 (25.0) 44 (73.3) 
b) HT weight to move cadaver 0 (0) 0 (0) 0 (0) 15 (25.0) 45 (75.0) 
*Employees were all male, ranging in age of 23 – 60 years old and weighing between 83.9 – 113.4 kg 




modified deer sled (MDS) 
‡Likert scale is a rating system used in questionnaires that is designed to measure 
people’s attitudes, opinions or perceptions. Categories are coded numerically (5 = very 
easy, 4 = easy, 3 = neutral, 2 = difficult and 1 = very difficult) 
§Three commercial grow-finish facilities were used in the study. Alley flooring was 
partially slatted with a concrete center ranging in width of 15.2 cm – 30.3 cm. The alley 
ranged in width of 53.3 cm – 63.5 cm. Distance from the home- to hospital pen ranged 
from 57.9 m – 59.2 m 
¶Frequency is the number of times each score on the handling tool survey was marked 
across the three handling tools and followed by the corresponding percentages. The 
answers to the handling tools were an average across all fifteen cadavers used in the 
study 
**Employees scored handling tools from very easy to very difficult on a) rolling cadaver 
from the home pen floor onto handling tool and b) securing cadaver onto the handling 
tool 
††Employees scored handling tools from very easy to very difficult on positioning ease of 
cadaver onto handling tools in a) home pen and b) alley 
‡‡Employees scored the handling tools from very easy to very difficult on movement ease 
with a cadaver from the a) home pen towards gate, b) out of home pen and into alley 
(defined as handling tool being entirely inside the alley and oriented towards the hospital 
pen), and c) down the alley and into the hospital pen (defined as handling tool being 
entirely inside the hospital pen) 




size to move the cadaver from home pen to hospital pen and b) handling tool weight to 
move cadaver from home pen to hospital pen 








Table 4. 6. Employee handling tool survey average and standard deviation (SD) * to move grow-finish pig cadavers from the 
home- to the hospital pens for three handling tools† by four employees‡ across three commercial grow-finish farms§, as 
determined by using a 5 point Likert scale¶ 
Questions  
Handling tools (HT) 
SKED SLED MDS 
 Mean SD Mean  SD  Mean  SD 
1. Rate the HT for**:    
a) Rolling the cadaver onto the HT 4.2  0.7 4.4  0.6 3.2  0.9 
b) Securing cadaver onto HT 4.4  0.7 4.5  0.6 NA¶¶ NA 
2. Ease of cadaver positioning onto HT††:    
a) Home pen 4.3  0.6 4.3  0.8 3.9  0.9 
b) Alley  4.2  0.7 4.0  0.7 3.9  1.1 
3. Rate the HT on‡‡:     
a) Moving HT in home pen towards gate 4.2  0.6 4.5  0.6 4.5  0.7 
b) Moving HT out of home pen into alley 4.1  0.7 4.3  0.8 4.1  0.9 







Table 4. 6. (continued) 
*The mean and standard deviation (SD) was a complied version from all fifteen cadavers (range 59 – 134 kg) across three commercial 
farm sites 
†Three handling tools tested to move grow-finish pig cadavers from home- to hospital pen were sked (SKED), deer sled (SLED) and 
modified deer sled (MDS) 
‡Employees were all male, ranging in age of 23 – 60 years old and weighing between 83.9 – 113.4 kg 
§Three commercial grow-finish facilities were used in the study. Alley flooring was partially slatted with a concrete center ranging in 
width of 15.2 cm – 30.3 cm. The alley ranged in width of 53.3 cm – 63.5 cm. Distance from the home- to hospital pen ranged from 
57.9 m – 59.2 m 
¶Likert scale is a rating system used in questionnaires that is designed to measure people’s attitudes, opinions or perceptions. 
Questions Handling tools (HT) 
SKED SLED MDS 
Mean SD Mean SD Mean SD 
4. Rate the HT on§§:    
a) Size of HT to move cadaver 4  0.7 4.2  0.7 4.7  0.5 







Categories are coded numerically (5 = very easy, 4 = easy, 3 = neutral, 2 = difficult and 1 = very difficult)  
**Employees scored handling tools from very easy to very difficult on a) rolling cadaver from the home pen floor onto handling tool 
and b) securing cadaver onto the handling tool 
††Employees scored handling tools from very easy to very difficult on positioning ease of cadaver onto handling tools in a) home pen 
and b) alley 
‡‡Employees scored the handling tools from very easy to very difficult on movement ease with a cadaver from the a) home pen 
towards gate, b) out of home pen and into alley (defined as handling tool being entirely inside the alley and oriented towards the 
hospital pen), and c) down the alley and into the hospital pen (defined as handling tool being entirely inside the hospital pen) 
§§Employees scored handling tools from very easy to very difficult on the a) handling tool size to move the cadaver from home pen to 
hospital pen and b) handling tool weight to move cadaver from home pen to hospital pen 




Figure 4. 1. The HMH sked rescue system (SKED) was modified in order to move 
grow-finish pig cadavers from the home pen to the hospital pen 
a) Original SKED dimensions were 2.4 m length × 91.4 cm width × 0.3 cm depth. b) All 
straps were removed except three side release plastic buckle restraint straps (5.08 cm 
polypropylene straps). Across the width on the foot-end, a 31.1 cm line was drawn and a 
hacksaw was used to cut across the line. Modified SKED dimensions were 1.9 m length × 








Figure 4. 2. The deer sled (SLED) was modified in order to move grow-finish pig 
cadavers from the home pen to the hospital pen 
 
The SLED dimensions were 1.8 m length × 91.8 cm width × 0.2 cm depth. One string 
end was tied to the first hole on the side, string was placed across the cadaver and tied to 
the first hole on the opposite side. Second string end was tied to the third hole on the side, 
string was placed across the cadaver and tied to the third hole on the opposite side. A 1.4 





Figure 4. 3. The modified deer sled (MDS) was modified in order to move grow-
finish pig cadavers from home pen to hospital pen 
The MDS dimensions were 1.8 m length × 50.8 cm width. A 1.4 m polypropylene rope 
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 The objective was to determine if a Haz-Mat/Hospital sked (SKED), revised deer 
sled (RDS) and ice fishing sled (IFS) were suitable humane handling tools for manually 
moving non-ambulatory grow-finish pigs. Eighteen grow-finish pigs (average BW of 
99.94 ± 25.30 kg) were randomly assigned to a handling tool and moved to a start pen. A 
lidocaine epidural block was administered to induce a non-ambulatory state. Once 
confirmed non-ambulatory by a swine veterinarian, two employees positioned pigs onto 
handling tool and moved them. Outcomes included duration to move from start- to end 
pen (s), change in pig temperature (oC), pig respiration rate (bpm), pig vocalization score 
(0 = none to 2 = continuous grunts/calls) and struggle score (0 = none to 2 = continuous 
movement of legs and/or head). Average total duration (±SE) was SKED: 127.5 ± 20.9 s, 
RDS: 161.3 ± 20.8 s and IFS: 124.4 ± 20.1 s. Average change in pig temperature was 
SKED: 1.0 ± 1.7 oC, RDS: 1.6 ± 1.7 oC and IFS: 2.5 ± 1.6 oC. Average change in pig 
respiration rate was SKED: 10.3 ± 4.0 bpm, RDS: 7.0 ± 4.0 bpm and IFS: 10.7 ± 3.7 
bpm. Placing pigs onto handling tool average vocalization and struggle score were 1. 
Securing pigs’ average vocalization and struggle score were 1. Moving pigs from start- to 
end pen average vocalization and struggle score was 0. Our results support the sked, 
revised deer sled and ice fishing sled as effective handling tools for moving non-
ambulatory grow-finish pigs.  
 







 The National Pork Board (NPB) provides guidance about humane swine handling 
through the Pork Quality Assurance Plus (PQA) and Transport Quality Assurance 
programs (TQA; NPB, 2016, 2017). Building on these educational programs, the 
Common Swine Industry Audit (CSIA) was designed as an assurance program to meet 
company and customer needs (NPB 2019), and includes requirements for humane swine 
handling. Willful acts of abuse and neglect are strictly prohibited critical elements of the 
CSIA, that can result in automatic audit failure as described “[d]ragging of conscious 
animals by any part of their body except in the rare case where a non-ambulatory animal 
must be moved for a life threatening situation. Non-ambulatory pigs may be moved by 
using a drag mat” (NPB 2019). This audit point has provoked discussion among swine 
extension agents, producers and veterinarians. Discussion has included, what defines a 
“life-threatening” situation? Would an auditor and the producer agree on life threatening? 
If moved, is it in compliance with CSIA? Do drag mats work? In Chapter three and four 
of this thesis, the two studies compared handling tools to move grow-finish pig cadavers. 
These studies did not support the use of a modified wean-to-finish mat and modified deer 
sled, but did support the use of a sked and deer sled as suitable handling tools for 
manually moving grow-finish pigs. 
 Non-ambulatory pigs can occur on-farm due to injury, illness or fatigue during 
day-to-day operations and during loading and unloading from transport trailers. Hence, 
employees may be required to move non-ambulatory pigs into or out of pens, alleys and 
load out areas. To ensure pig and caretaker safety, it is important to have facilities with 
wide enough alleys and pen openings, appropriate and durable handling equipment, and 




was to test a sked (SKED), revised deer sled (RDS) and ice fishing sled (IFS) as humane 
handling tool options for non-ambulatory grow-finish pigs. 
 
Materials and Methods  
 All research was approved by Iowa State University Institutional Animal Care 
and Use Committee (Approval #18-319). 
 
Handling tools 
 A Haz-Mat/Hospital sked rescue system was purchased from Skedco (SKU: sk-
250, Tualatin, Oregon, USA). The sked (SKED) weighed 5.0 kg, measured 2.4 m length 
× 91.4 cm width × 0.3 cm depth, and made of medium-density polyethylene plastic. 
Modifications were made to reduce the length to make transitioning between the pens and 
alleyways possible. All straps from the sked were removed except three 5.08 cm side 
release plastic buckle straps (5.08 cm polypropylene straps) used to secure pig to sked. 
Across the width on the foot-end, a 31.1 cm line was drawn and a hacksaw was used to 
cut across the line. The final sked dimension was 1.9 m length × 91.4 cm width (Figure 
5.1).  
 A Magnum Deer Sleigh’r Game Sled was purchased from Sportman’s Guide 
(Item Number: 138755, Minneapolis, MN, USA). The revised deer sled (RDS) weighed 2 
kg, measured 1.8 m length × 91.8 cm width × 0.2 cm depth, and was made of slick 
polymer. Modifications were made to affix new restraints to assist in securing the pig and 
a polypropylene rope to serve as a handle. Two grommets (3.8 cm) were installed on both 
sides of deer sled. One grommet was inserted 50 cm from the top and 2.5 cm in from the 




from the width. Process is repeated on the deer sleds opposite side. Two 5.08 cm side 
release plastic buckle restraint straps (5.08 cm polypropylene straps) were affixed to the 
grommets to secure pig to the deer sled. A 3.7 m polypropylene rope was inserted 
through three pieces, 20.3 cm each, of braided vinyl tubing. The first top handle was 
created and then two additional handles were added underneath (30.5 cm apart) to 
provide employees with handle length options when moving pigs. The handle was 
inserted and knotted on the upper surface. Final RDS dimension was 1.8 m length × 91.8 
cm width (Figure 5.2).  
 An Otter Pro Sled Mini was purchased from Otter Outdoors (SKU: 200817, 
Maple Lake, MN, USA). The ice fishing sled (IFS) weighed 3.6 kg, measured 109 cm 
length x 58 cm width x 27 cm height and was made of polyethylene construction. 
Modifications were made to affix new restraints to assist in securing the pig and a 
polypropylene rope to serve as a handle. Two holes were drilled on both sides of the 
outer lips. First hole was drilled 40.6 cm down from the top of the IFS. Second hole was 
drilled 81.3 cm down from the IFS’s top. Two 5.08 cm side release plastic buckle 
restraint straps (5.08 cm polypropylene straps) were affixed to holes. Two additional 
holes were drilled into the front of IFS using a 1.27 cm spade bit to increase the size of 
the pre-existing holes. A 2.7 m polypropylene rope was inserted through a section of 25.4 
cm braided vinyl tubing. The handle was knotted at the front, upper surface (Figure 5.3). 
 
Animals, facilities and non-ambulatory pig movement tasks 
 The study was conducted on a commercial grow-finish site in Central Iowa. 




company veterinarian. Body weights were collected using a weigh scale (Raytec WayPig 
300; AGRIsales Inc., Ceresco, NE) and rounded to the nearest whole number, average 
BW of 100 ± 25.3 kg. Once pigs were weighed, they were individually marked (A, B, C, 
D, etc.) before released into the start pen.  
 For the non-ambulatory pig movement tasks, two empty pens were designated as 
the start (home pen) and end (hospital pen), corresponding to distance that a non-
ambulatory pig would need to be humanely moved on a typical commercial farm. For 
facility details refer to Table 5.1. At the start of each non-ambulatory pig movement task, 
employees were asked to load the non-ambulatory pig onto the handling tool (SKED, 
RDS and IFS) and move it from the start- to the end pen.  
 
Epidural procedure  
 The Swine Medicine Education Center staff and veterinarians at Iowa State 
University’s College of Veterinary Medicine completed the epidural procedures. Each 
pig was restrained with a pig snare while standing. In addition to the individual snaring of 
the pig, three personnel were utilized to administer the epidural: one supported the pig 
with a sort board on its side to prevent lateral swaying or evasive movement during 
injection, a second to administer the epidural, and a third to hand supplies to the 
individual administering the epidural. The site of injection for epidural was the 
lumbosacral space, located by palpating the cranial edge of the tuber coxae and finding 
the point perpendicular to that location on midline of the dorsum of the pig. The location 
was prepared by shaving the hair on the pig’s back. The location was infiltrated with a 




x 8.9 cm spinal needle (BD Franklin Lakes, New Jersey) was inserted at the prepared 
location between the last lumbar and first sacral vertebrae. The stylet was removed and a 
12-mL syringe filled with 2% lidocaine was attached to the needle for administration of 
the anesthetic agent. As the lidocaine was injected, if resistance was noted, the pressure 
on the syringe was released and the spinal needle was repositioned before administration 
of the full dose. After administration, the needle was withdrawn from the pig and the hog 
snare was removed. The epidural procedure took six min, the analgesia was present 
within 20 min and lasted approximately two hours. 
 
Handling tool securing process  
 Two employees were required to move and secure non-ambulatory pigs on all 
handling tools. For SKED and RDS, one employee held the handling tool while the 
second employee loaded a non-ambulatory pig onto handling tool. Both employees 
secured the pig using the buckle restraint straps. IFS was flipped onto its side to allow 
both employees to safely load non-ambulatory pig inside. Once pig was inside the IFS, 
the bottom was laid back down onto pen floor. One employee held pig inside the IFS, 
while second employee secured the two buckle restraint straps.  
 
Employee enrollment  
 Two production well-being employees were enrolled in the study. The male 
employee was 60 years of age, 180.3 cm tall and weighed 90.7 kg with 20 years of 
experience. The female employee was 30 years of age, 160.2 cm tall and weighed 63.5 kg 




Duration of non-ambulatory pig movement tasks 
 Time to complete non-ambulatory pig movement tasks were measured at three 
time points (s): 1) Duration to move non-ambulatory pig from start pen floor onto the 
handling tool (TOD). 2) Duration to secure non-ambulatory pig inside the handling tool 
(TTS). 3) Duration to move handling tool and non-ambulatory pig from start pen to end 
pen, defined as handling tool being entirely inside the end pen (TSE). 
  
Non-ambulatory pig vocalization score and struggle score 
 One researcher collected the pig’s vocalization and struggle scores throughout the 
non-ambulatory pig movement tasks. Vocalization score was scored the following: (0) 
none, (1) intermittent grunts/calls and (2) continuous grunts/calls. Struggle score was 
scored the following (0) none, (1) intermittent movement of legs and/or head and (2) 
continuous movement of legs and/or head.  
 
Pig temperature and respiration rate 
 One researcher collected each pig’s temperature and respiration rate at two 
different time points: (1) pig baseline [defined as pig is in the start pen, before the 
epidural procedure begins] and (2) non-ambulatory pig endpoint [defined as after pig has 
been unloaded from handling tool and laying on the end pen floor]. Pig temperature (oC) 
was collected via an InfraRed Gun (Extech Dual Laser InfraRed Thermometer; Boston, 
MA, USA) aimed at the pig’s ventral plane. Pig respiration rate (defined as one inhalation 
and one exhalation) was counted over 15 s on the flank of the pig then times by four to 





 Pig assessment was completed pre- and post-movement, which included the 
number of scratches (defined as injuries to the skin that goes into the skin but does not go 
all the way though and may include redness and inflammation; NPB 2016), bruises 
(defined as injury appearing as an area of discolored skin on the body), open mouth 
breathing (defined as breathing with mouth open / panting), muscle tremors (defined as 
pigs began shaking), and skin discoloration (defined as skin become reddish/purple color; 
Gesing et al 2010). Pre-movement no pigs had any of the aforementioned measures or 
displayed signs of distress. Post-movement, four non-ambulatory pigs displayed muscle 
tremors in their front limbs.  
 
Handling tool durability  
 Durability of each handling tool was evaluated by one researcher for presence of 
holes, rips and creases at the conclusion of each handling tool movement. If observed, 
these were counted and measured (cm). 
 
Statistical Analysis 
 Pig assessment was evaluated by counting the number of scratches, bruises, and 
any open mouth breathing, muscle tremors and skin discoloration pre- and post- 
movement. Handling tool durability was evaluated by counting and measuring holes, rips 
and creases after movement from start pen to end pen. Two new variables were created 





Change in pig temperature (oC) = end pen non-ambulatory pig temperature – baseline 
pig temperature  
 
Change in pig respiration rate (bpm) = end pen non-ambulatory pig respiration rate – 
baseline pig respiration rate 
 
 The distribution of the change in pig temperature- and respiration rate difference, 
handling tool duration and pig vocalization and struggle scores were evaluated using the 
PROC UNIVARIATE procedure (SAS v 9.2, SAS Inst., Inc., Cary, NC). Change in pig 
temperature- and respiration rate and handling tool duration data met the assumption of 
normality and were analyzed using mixed model methods (PROC MIXED) for 
parametric data. The statistical design was a complete randomized design with the fixed 
effect of farm (n = 1), handling tool (n = 3), and sex of pig (M/F) with pig weight (kg) as 
a linear covariate. Pig vocalization and struggle score data were analyzed using PROC 
FREQUENCY and CHI SQUARE to observe the distribution of vocalization and 
struggle scores by handling tool. A P ≤ 0.05 was considered significant and PDIFF option 
(SAS v 9.2, SAS Inst., Inc., Cary, NC) was used to separate means when fixed effects 
were a significant source of model variation.  
 
Results 
Duration of non-ambulatory pig movement tasks 
 Total duration was affected by pig weight (P = 0.014). Handling tool and sex 
were not sources of variation (P > 0.10). Average total handling tool duration (range) 




s)] and IFS [124.41 ± 20.05 s (64 – 184 s)]. Duration to load, secure and move non-
ambulatory pig from start- to end pen were not affected by handling tool, sex and pig 
weight (P > 0.05).   
 
Non-ambulatory pig vocalization score and struggle score 
 There were no associations between handling tools and pig vocalization and 
struggle scores when moving non-ambulatory pig from home pen floor onto the handling 
tool, securing pig onto the handling tool, and moving the handling tool and pig from start 
pen to end pen (P > 0.10; Table 5.3).  
 
Change in pig temperature and respiration rate  
 Change in pig temperature (oC ) and respiration rate (bpm) was not affected by 
handling tool, sex or pig weight (P > .05). Average (±SE) and range for change in pig 
temperature were as follows: SKED [1.03 ± 1.67 oC (-6.50 – 5.50 oC)], RDS [1.64 ± 1.71 
oC (0.72 – 3.94 oC)] and IFS [2.48 ± 1.58 oC (-1.78 – 5.50 oC)]. Average (±SE) and range 
for change in pig respiration rate were as follows: SKED [10.29 ± 3.95 bpm (4 – 16 
bpm)], RDS [6.96 ± 4.04 bpm (0 – 24 bpm)] and IFS [10.68 ± 3.74 bpm (-4 – 32 bpm)].  
 
Handling tool durability  
 The IFS was the most durable with no creases, rips or holes. The SKED had two 
creases. The first crease occurred during the first pull and was 1.27 in length. The second 




creases. The first crease occurred during the third pull and was 2.54 cm in length. The 
second crease occurred during the fourth pull and was 20.32 cm in length.  
 
Discussion 
 Field expertise associated with moving non-ambulatory pigs has resulted in 
several guidance documents. The American Meat Institute (Grandin and AMI, 2013) 
recommends using slide boards, sleds and “cripple carts” to move non-ambulatory pigs 
within meat processing plants. Similarly, the Transport Quality Assurance program (NPB 
2017) recommends stretchers, sleds, hand carts and specialized skid loaders for moving 
non-ambulatory pigs. When non-ambulatory pigs occur on farms, the Pork Quality 
Assurance Plus program (NPB 2016) recommends using plastic sleds or drag mats. In 
Chapter three and four of this thesis, the two studies compared handling tools to move 
grow-finish pig cadavers. The studies within this thesis did not support the use of a 
modified wean-to-finish mat and modified deer sled, but did support the use of a sked and 
deer sled as suitable handling tools for manually moving grow-finish pigs.  
 Initially, a researcher observed finishing pigs leaving the farm and being loaded 
onto trailers. These observations occurred over five farms and over a two-week period. 
After observing 6,370 finisher pigs, the researcher only collected one naturally occurring 
non-ambulatory pig (0.002%). To add context, the current swine industry non-ambulatory 
rate is 0.4% (Ritter et al., 2009). Using the observed number of 6,370 pigs’ times the non-
ambulatory rate of 0.4%, the researcher should have identified approximately 26 non-
ambulatory pigs over the two weeks. The researchers decided that this methodology was 
ineffective. Hence, a non-ambulatory pig biomedical model was created. The epidural 




therefore, mimicking a non-ambulatory pig. After viewing vocalization and struggle 
score results, we question if the epidural procedure affected these scores. Epidural 
anesthesia refers to the sensory, motor and autonomic blockade produced by epidural 
administration of local anesthetics. Lidocaine was used in the study as the local anesthetic 
and administered into the lumbosacral epidural space, which produces a rapid 
desensitization of the caudal portions of the abdominal cavity, inguinal area, hind limbs, 
tail and perineum (Cruz et al 1997). Studies on horses (Natalini 2010), dogs (Steagall et 
al 2017), cattle, buffalo and camels (Ismail 2016) have shown the effectiveness of spinal 
sensory blocks for pain control on the chronically ill and during surgical procedures. 
Naturally occurring non-ambulatory pigs may have become overwhelmed by the 
accumulation of stressors and collapsed, but still have sensory function in their hind legs. 
Pigs used in the study may have had less of a vocalization and struggle reaction when 
employees were attempting to load and move the pigs on the handling tools due to little 
to no sensation in their hind limbs. More research needs to be completed on whether 
these handling are as effective in moving naturally occurring non-ambulatory pigs.  
 After study completion, the two employees commented on the likes and dislikes 
of each handling tool. When loading the non-ambulatory pigs, both employees 
commented on how the sked’s thicker material made loading easier compared to the other 
two handling tools. The revised deer sled’s flimsiness made loading more difficult. As 
the non-ambulatory pigs were loaded onto the revised deer sled, some pigs struggled and 
in turn bend the material causing the employees to have to stop loading and readjust both 
the handling tool and pig. The ice fishing sled was the most difficult handling tool to load 




pig safety. They commented on even though the ice fishing sled was tipped on its side, it 
was still difficult to maneuver the pigs up into the ice fishing sled, especially with the 
pigs that struggled. These comments can be validated when looking at the average 
duration to move the non-ambulatory pig into the handling tools: sked [12 s] vs revised 
deer sled [26 s] vs ice fishing sled [37 s]. When moving the non-ambulatory pigs from 
the start pen to the end pen, employees commented that the sked’s stiff material would 
sometimes catch on gates, causing readjustments of the sked, which prevented a smooth 
forward transition. Depending on the angle of entry, the sked was at times difficult to turn 
the corners of the alley way into the end pen and vice versa. Additionally, both 
employees really liked the placement of the sked’s handle and commented that the sked 
pulled more evenly than the revised deer sled. For the revised deer sled, employees 
commented that since the material was easier to manipulate, they could tighten the 
restraints around the pig make a cocoon like structure. This allowed the employees to 
safely secure the pigs’ limbs and head inside, minimizing the risk of limbs/head catching 
in the gates. Lastly, employees commented on the ice fishing sled having the smoothest 
transition when moving from the start pen to the end pen. Although, both employees 
commented on the smaller size of the ice fishing sled could be problem especially with 
the heavier and/or longer pigs. These comments can be validated when comparing the 
average duration to move from the start pen to the end pen: sked [113 s] vs revised deer 
sled [117 s] vs ice fishing sled [55 s]. It is important to test potential on-farm handling 
tools for ease of use, employee safety (Hill et al., 2007) and pig welfare (Ritter et al., 
2009; Johnson et al., 2013). The purpose of this study was to determine if this sked, 




ambulatory pig on-farm. The three handling tools were selected due to durability, able to 
move across a variety of terrain, and able to withstand heavy weights. These handling 
tools can be bought online and are relatively economical to modify (approximately $327, 
$144 and $69 USD). 
 
Animal Welfare Implications and Conclusion 
 This version of the SKED, RDS and IFS are suitable handling tools for manually 
moving non-ambulatory grow-finish pigs 
 Further research is needed on whether or not the SKED, RDS and IFS can 
humanely move naturally occurring non-ambulatory pigs on a commercial farm 
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Tables and Figures  
Table 5. 1. Commercial grow-finish building and production specifications used in a 
study evaluating handling tools* to move non-ambulatory grow-finish pigs from 
start- to end pen 
Measure Details 
Site capacity, pigs    4,800 
Barn capacity     1,200 
Projected market weight, kg†       127 
No. of Barns          4 
Rooms/Barn          1 
Barn width, m       14.9 
Barn length, m       57.9 
Pen width, m         2.8 
Pen depth, m        7.2 
Pens/barn         40 
Space allowance, m2        0.7 
No. pigs/pen 20 – 30 
Pen flooring Fully slatted 
Slat width, cm      12.7 
Slot width, cm         2.5 
Alley flooring Fully slatted 
Alley width, cm         71 




*Handling tools tested to move grow-finish pig cadavers from start- to end pen were sked, 
revised deer sled and ice fishing sled   
†Projected market weight of pigs range between 125 – 136 kg  
‡Two empty pens were designated as the start and end pen. Distance from home- to 
hospital pen corresponded to the distance a non-ambulatory pig would need to be 







Table 5. 2. Pig vocalization and struggle scores* distribution by handling tool† throughout non-ambulatory pig movement 
tasks‡ from the start- to the end pen on a commercial grow-finish site§  
  
Handling tool TOD Vocalization Score TOD Struggle Score TTS Vocalization Score TTS Struggle Score 
 0 1 2 0 1 2 0 1 2 0 1 2 
Frequency (%)¶ 















































































Table 5. 2. (continued)  
*Vocalization score was scored the following: (0) none, (1) intermittent grunts/calls and (2) continuous grunts/calls. Struggle score 
was scored the following (0) none, (1) intermittent movement of legs and/or head and (2) continuous movement of legs and/or head 
†Handling tools tested to move grow-finish pig cadavers from start- to end pen were sked (SKED), revised deer sled (RDS) and ice 
fishing sled (IFS) 
‡Non-ambulatory pig movement tasks included moving the non-ambulatory pigs onto the handling tools, securing the non-ambulatory 
pigs inside the handling tool and then moving the non-ambulatory pigs on the handling tools from the start pen to the end pen  
§One commercial grow-finish site was used in the study. Alley flooring was partially slatted with the alley width of 71 cm. Distance 
from the start pen to the end pen was 20.6 m 
¶Frequency is the number of times each score was marked throughout non-ambulatory pig movement across the three handling tool 
Handling tool  TSE Vocalization score TSE Struggle score 
 0 1 2 0 1 2 
Frequency (%)¶ 
SKED 6 (33.3) 0 (0) 0 (0) 5 (27.8) 1 (5.6) 0 (0) 
RDS 4 (22.2) 2 (11.1) 0 (0) 4 (22.2) 2 (11.1) 0 (0) 








and the corresponding percentages. The sked (SKED), revised deer sled (RDS) and ice fishing sled (IFS) each moved six different 
non-ambulatory pigs from the start pen to end pen 
TOD = Duration to move non-ambulatory pig from start pen floor onto the handling tool 
TTS = Duration to secure non-ambulatory pig onto the handling tool 
TSE = Duration to move handling tool and non-ambulatory pig from start pen to end pen, defined as handling tool being entirely  




Figure 5. 1. The HMH sked rescue system (SKED) was modified in order to move 
non-ambulatory grow-finish pigs from the start pen to the end pen 
All straps were removed except three side release plastic buckle restraint straps (5.08 cm 
polypropylene straps). Across the width on the foot-end, a 31.1 cm line was drawn and a 
hacksaw was used to cut across the line. The modified SKED dimensions were 1.9 m 




Figure 5. 2. The revised deer sled (RDS) was modified in order to move non-
ambulatory grow-finish pigs from the start pen to the end pen  
Two grommets were installed on both sides of the RDS. Two side release buckle straps 
were affixed to the grommets. A 3.7 m polypropylene rope with knotted on the upper 




Figure 5. 3. The ice fishing sled (IFS) was modified in order to move a non-
ambulatory grow-finish pig from the start pen to the end pen  
Two holes were drilled on the lip of both sides. Two side release buckle restraint straps 
were affixed to the holes on the lip. Two additional holes were drilled on the front to 
increase size of the pre-existing holes. A 2.7 m polypropylene rope was knotted on the 
upper surface to form a handle. Ice fishing dimensions were 109 cm length × 58 cm 




CHAPTER 6: GENERAL CONCLUSIONS 
Today’s market-weight pig can range from 124 to 136 kg (275 to 300 lbs.) in the 
United States (U.S.). When a pig becomes non-ambulatory, caretakers need to consider 
how they can move pigs without further compromising the pig’s welfare. The National 
Pork Board provides guidance about humane swine handling through the Pork Quality 
Assurance Plus and Transport Quality Assurance programs (NPB, 2016, 2017). While 
this guidance is useful, questions remain on best practices and handling tool attributes 
when moving non-ambulatory grow-finish pigs. The overall goal of this thesis was to 
provide the U.S. swine industry with humane on-farm handling tools to move non-
ambulatory grow-finish pigs. To address this overall goal, three research chapters (3-5) 
focused on the following objectives:  
 
1) To evaluate four on-farm handling tools to move grow-finish pig cadavers 
using ease of use, employee physiology and handling tool durability. 
2) To evaluate three on-farm handling tools to move non-ambulatory grow-finish 
pigs using movement ease, pig physiology and handling tool durability. 
 
The Common Swine Industry Audit (CSIA) details humane handling expectations 
of non-ambulatory pigs under Willful Acts of Abuse or Neglect. If an auditor witnesses a 
non-ambulatory conscious pig being dragged it will result in an automatic audit failure. 
The CSIA defines this as “Dragging of conscious animals by any part of their body 
except in the rare case where a non-ambulatory animal must be moved for a life-




2019).” This audit point has provoked discussion among swine extension agents, 
producers and veterinarians. Discussion has included, what defines a “life-threatening” 
situation? Would an auditor and the producer agree on life threatening? If moved, is it in 
compliance with CSIA? and Do drag mats work? Preliminary work concluded that a 
rubber farrowing mat was unsatisfactory as a drag mat for finisher pigs because it was too 
heavy, the pig kept sliding off and it tore very easily. These findings suggest there was 
opportunity to identify other handling tools that consider practical logistics, worker safety 
and non-ambulatory pig welfare. 
The objective of Chapter 3 was to test a commercial wean-to-finish mat as a 
suitable handling tool for moving grow-finish pig cadavers as a model for non-
ambulatory grow-finish pigs on-farm. The hypothesis of this study was that the wean-to-
finish mat was a suitable handling tool.  
In support of our hypothesis, employee physiology did not differ when comparing 
cadaver weights. The wean-to-finish mat was very durable since there were no rips, hole 
or creases after being used 18 times.  
Contrary to our hypothesis, five employees were unable to succesfully move the 
mat and cadavers out of the home pen, hence movement was very limited. Furthermore, 
twice as much force was used to move the heaviest cadaver compared to the lightest 
cadvaer. Increased force needed to move the wean-to-finish mat with increase in cadaver 
body weight could be explained by the wean-to-finish mats design, which is to provide a 
non-slip surface to reduce sliding and shifting. Based on the movement difficulty and the 
cumbersome size of the wean-to-finish mat, all employees felt strongly that this mat was 




A pitfall to Chapter 3 was that the mat’s starting weight was 23.1 kg. A lighter 
mat (e.g., a polyethylene wean-to-finish mat weighing 7.7 kg) could be an option in 
moving grow-finish pig cadavers in the future and hence other mat options should be 
investigated. Additionally, different modifications to this wean-to-finish mat could 
improve movement ease for example adding a surface on the underside of the mat that 
reduces friction and adding buckle restraint straps to keep the pig secure.  
The objective of Chapter 4 was to test a Haz-Mat/Hospital sked, deer sled and 
modified deer sled as suitable handling tools for moving grow-finish pig cadavers as a 
model for non-ambulatory grow-finish pigs on-farm. The hypothesis of this study was 
that the sked, deer sled and modified deer sled were all equal and suitable handling tools.  
In support of our hypothesis, employees’ ranked the deer sled and modified deer 
sled as very easy to move from home- to hospital pen, while sked was ranked as easy. 
Change in oxygen saturation after moving cadaver from home pen to hospital pen did not 
differ by handling tool, employee, and farm or cadaver body weight. 
Contrary to our hypothesis, employees did not differ for duration to move 
handling tools, exertion force, and change in heart rate. Exertion force at the start and end 
of the alley differed by handling tool, farm and cadaver. More force was required to 
move cadavers on the sked at the start and end of the alley than deer sled or modified 
deer sled.  In addition, duration to move cadavers from home pen to hospital pen differed 
by handling tool, farm and cadaver. Modified deer sled was quicker to move than sked 
and deer sled. Change in heart rate after moving the cadaver from home- to hospital pen 
differed by handling tool. Change in heart rate was greater with sked than modified deer 




heart rate differed by cadaver weight. Farm was not significant sources of variation. 
Employees ranked all three handling tools similarly, but due to the modified deer sled not 
including restraints they would not support it as a suitable handling tool to move grow-
finish pigs. Sked was the most durable with one rip and one crease on the same SKED 
within the same farm. Deer sled was the least durable with multiple creases and holes on 
each deer sled across farms.  
A pitfall to Chapter 4 was that only three handling tools were tested. Therefore, 
future research regarding handling tools should look at other handling tools on the market 
(e.g., different versions of the deer sled) or prototyping a new handling tool by combining 
certain areas of the handling tools utilized in this study. For example, employees 
preferred the sked’s handle placement where the straps were attached inside along the 
side of the sked and then formed a single handle. This allowed employees to pull pig 
cadavers more evenly down the alley compared to the deer sled and modified deer sled 
where the handle was located in the center of the handling tool and pulled less evenly. In 
addition, for all handling tools evaluated the purchasing and modification cost ranged 
from $30.89 – $326.73. For producers who cannot purchase multiple skeds due to the 
price ($326.73 each), it would be beneficial to identify or design a similar handling tool 
but possibly at a lower price.  
Future research investigating whether the cadaver positioning on the handling tool 
could affect movement ease from home- to hospital pen should be completed. In this 
study, employees preferred the cadavers in a full lateral recumbence on the handling tool 
with head closest to the handle. It would be beneficial to see if different cadaver 




closest to the handle or cadaver in full lateral recumbence versus cadaver laying on back 
with legs in the air) impacts movement ease in the pens and alleyways.  
The objective of Chapter 5 was to test a Haz-Mat/Hospital sked, revised deer sled 
and ice fishing sled as suitable handling tools for moving non-ambulatory grow-finish 
pigs on-farm. The hypothesis of this study was that the sked, revised deer sled and ice 
fishing sled were all equal and suitable handling tools. 
In support of our hypothesis, change in pig temperature and respiration rate and 
non-ambulatory pig vocalization and struggle scored did not differ between handling tool, 
sex of the pig or pig weight. Total duration did not differ between handling tool or sex of 
the pig. Duration to load, secure and move non-ambulatory pig did not differ by handling 
tool, sex or pig weight. 
Contrary to our hypothesis, total duration of non-ambulatory pig movement tasks 
from home to hospital pen did differ by pig weights. Ice fishing sled was the most 
durable with no creases, rips and holes, followed by sked and revised deer sled with two 
creases each.  
One pitfall in Chapter 5 was researchers initially observed finishing pigs leaving 
the farm and being loaded onto trailers. After observing 6,370 finisher pigs, only one 
naturally occuring non-ambulatory pig was observed. The research team decided this 
methodology was ineffective, therefore the non-ambulatory pig biomedical model was 
created. Valid questions can be discussed on whether this biomedical model affected the 
vocalization and struggle scores. Lidocaine epidurals are effective spinal sensory blocks, 
which causes rapid densensitatization of the caudal portions of the abdominal cavity, 




control on the chronically ill and during surgical procedures. Whereas, naturally occuring 
non-ambulatory pigs still have sensory function in their hind legs. Pigs used in this study 
may display fewer vocalizations and less struggling due to little to no sensation in their 
hind limbs. In addition, previous studies have found that naturally non-ambulatory pigs 
have an increased in body temperature (Ritter et al., 2017) and an increase in heart beats 
(Correa et al., 2013), which was not observed in this. Therefore, these handling tools 
need to be tested on-farm during loading with naturally occuring non-ambulatory pigs.  
Futher research investigating whether there was a change in pig temperature and 
respiration rate by handling tool on naturally occuring non-ambulatory pigs is warranted. 
As well as, whether the epidural procedure affects vocalization and struggle scores 
throughout movement would give insight to whether or not there is a significant source of 
variation between the handling tools. It would be beneficial to see if different non-
ambulatory pig positioning on the handling tool (e.g., head closest to the handling tool 
versus hind end closest to the handle) impacts movement ease in the pens and alleyways. 
Whether the length of the handling tool handle could affect exertion force or movement 
ease. In addition, these handling tools should be tested inside a loading chute, as there is a 
decreased space to load non-ambulatory pigs onto handling tools.   
The overall goal was to provide the U.S. swine industry with humane on-farm 
handling tools to move non-ambulatory pigs through two objectives: 1) To evaluate four 
handling tools to move grow-finish cadavers on-farm using ease of use, employee 
physiology and handling tool durability. 2) To evaluate three handling tools to move non-
ambulatory grow-finish pigs on-farm using movement ease, pig physiology and behavior 




revised deer sled and ice fishing sled to move non-ambulatory grow-finish pigs. 
However, we do not support the use of the current wean-to-finish mat and modifed deer 
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